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Ibe present application is a continuation in part of 
USSH 08/027,746 which is a continuation in part of VSSH 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers, in 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 
inducing an immune response. 

MHC molecules are classified as either Class i or 
Class II molecules. Class II hhc molecules are expressed 
primarily on cells involved in initiating and sustaining 
immime responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. Class II mhc molecoles are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are eaqpressed on almost all nucleated cells and are 
recognized by cytotoxic T lymphocytes (CTLs) , vh±ctx then 
destroy the antigen-bearing cells. CTLa are particularly 
iaportant ii, tumpr rejection and in fighting viral Infections. 
The CTL recognizes the antigen in the form of a peptide 
fragaient bound to the MHC class I molecules rather than the 
intact foreign antigen itself. The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm, some of these smaU peptides translocate into 
a preHSolgl compartment aiia interact with class i heavy chains 
to facilitate proper folding and association with the subunlt 
B2 microglobulin. The p^tide-MHC class I complex is then 
routed to the cell surface for expression and potential 
recognition by specific CTLs. 



Xnvestigaticms of the crystal si^cture of the human 
MHC class I moiecole, HIA-A2..1, indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al., Hatiire 
329:506 ( 1987). In these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al.. Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Palk et al.. Nature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B type (Jardetzky, et 
al., Hatace 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al., science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by R5tzschke and Falk (Rdtzschke 
and Falk, Ijppn^rti , Today 12:447 (1991). 

Sette et al», Proc. Watl. Acad, sci . ng^ 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natil, 
Ac^dt gpit xygft 86:4649 (1989) showed that MHC binding was 
related to immunogenicity. Several authors (De Bruijn et al., 
Bqrt Igmuno^., 21:2963-2970 (1991); Pamer et al., 991 
liatiyze 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motif s can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles ^ould be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

Despite the developments in the art, the prior art 
has yet to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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SniBOURX OP !EHE inyENTIOll 

present ijiyentlcm pirovides cragi^ositl^^ 
comprising imminogenic peptides having binding notifs for mbc 
Class I Bolecules. The immunogenic peptides are typically 
betifeen about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
apprcqpriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HIA-A3.2 comprises from 
the K-tenainus to C-terminus a first conserved residue of L, 
M, I, V, s. A, T and P at position 2 and a second conserved 
residue of K, R or Y at the C-terminal end. other first 
conserved residues are C, G or D and alternatively E. other 
second conserved residues are H or F. The first and second 
15 conserved residues are preferably separated by e to 7 
residues. 

The motif for HLA-Al comprises from the N-terminus 
to the C-tenninus a first conserved residue of t, s or M, a 
second conserved residue of D or E, and a third conserved 
20 residue of y. other second conserved residues are A, s or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved 
residue of B or D and a second conserved residue of y where 
the first and second conserved residues are separated by 5 to 

6 residues. . 

The motif for HLA-Ali comprises from the N-terainus 
to the C>terminus a first conserved residue of t or V at 
position 2 and a C-terminal conserved residue of K. The first 
and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for IILA-A2 4.1 comprises from the H- 
terainus to the C-terainus a first conserved residue of y, p 
or W at position 2 and a c terminal conserved residue of p, i, 
35 W, K or L. The first and second conserved residues are 
preferably separated by 6 to 7 residues. 

Epitopes on a number. of potential target proteins 
can be identified in this manner. Examples of suitable 
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antigens Include prostate specif ic antigen (PSA) , hepatitis B 
core and suirface antigens (HBVc, HBVs) hepatitis c antigens, 
■alignant nelandna antigen (MAGE-l) Epstein-Barr virus 
antigens, huinan inmunodeficiency type-l virus (HIVi) and 
papilloma virus antigens. The peptides are thus useful in 
phamaceutical conipositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The tem -peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-anino acids, connected one to 
the other typically by peptide bonds between the alpha-aaino 
and carbonyl groups of adjacent amino acids. The 
15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "inaounogenic peptide" is a peptide which 
comprises an allele-epecif ic motif such that the peptide will 
bij.d the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I HHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A -consonred residue- is an amino acid which occurs 
in a significantly higher frequency than would be expected Iqr 
random distribution at a particular position in a peptide 
Botif, Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
30 molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
iamunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific" poclcets of the groove itself. 
35 Typically, an immunogenic p^tlde will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues- are 
amino acids whi«A if present at certain positions will result 
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in a peptide being a nonbixtder or pocnr bin^r and in torn fail 
to induce a CTL response despite the presence of the 
appropriate conserved residues within the peptide. 

Hhe term "motif- refers to the pattern of residues 
in a peptide of def ihed length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
allele aiid differ in the pattern of the highly conserved 
residues. 

The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
p^tlde and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 
c»]iqponents which normally accompany it as found in its native 
state. Thus, the peptides of this inveintion do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protein idiich co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers to an amino acid or amino 
add mimetic Incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 
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Pig. 1 is a flow diagram of an BIA-A purification 

Fig. 2 is an SDS~PAGS analysis of affinity purified. 
HIA-A3.2 from the cell line EHH using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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Fig. 3 shows reverse phase high performance liquid 
chromato^aphy (HP-HPLC) separation of HLA-A3 acid eluted 
peptides. 

Fig. 4 shows binding of a radioactiyely labeled 
peptide of the invention to MHC molecules as measured by the % 
boimd radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 



Fig* 11 Scatchard Analysis of biitdbig to MHC Al 
confirming an apparent of .2ltiN. 

Pig. 12 shows the binding of tvo peptides of this 
invention as a function of MHC A24 concentration as measured 
by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to HHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a of 30 
and 60nM, respectively. 

Fig. 15 shows the effect on MHC class i molecules of 
fljH^croglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2.1 
responders and autologous acid-stripped PBNCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2.1 
responders and autologous acid stripped PBMCs or FHA blasts as 
stimulators after loading with the 1044.04-1044.05-1044.06 
peptide pool. 

Fig. 18 shows CTL induction using GC?49 A2*l 
responders and Aiitologous Acid stripped FHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL induction using GC66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MA6E 3 peptide. 

Fig. 21 shows a conparison of the acid strip loading 
with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MAGH/All. 

Fig. 23 shows a'CTL response to an immunogenic 
peptide for HIV/A3. 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. 



Fig, 25 shows a CTL response to an inttiihogiexiic 
peptide for HBV/Al. . 

DESCRIPTIOK OF THE PREFiBRRED EMBODIMENTS 
The present invention relates to the determination 
of allele-^specif ic peptide motifs for human Class I MHC 
(sometimes referred to as RLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, psurticmlarly those associated with human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this msmner. Examples of suitable 
antigens include prostate specific antigen (PSA), hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1) , 
human immunodeficiency^ virus (HIV) antigens and human 
papilloma virus <HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells es^ressing 
ei^jty class I molecules by, for instance, immunofluorescent 
staining and flow microf luorimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
conqpetition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary la vitro or in 
Xtm CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A and^B antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HIA^C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 



9 



tRie peptide binding xKvtifs bf t^^ invention are relatively 
Specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably cos^rise a motif recognized by an 
MHC I aolecole having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend uppn the target 
population. Table 1 shows the frequency of various alleles at 
the HIA*A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HLA-A allele subtypes, 
specifically HIA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 
addiction of peptides binding to a fifth allele HIA-A11.2, 
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1,4(1) 
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A3.2 


5.7(4) 


5.5(3) 


AXX* X 
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5.5(3) 
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5.7(4) 


31.4(17) 
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3.7(2) 
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4.3(3) 




A24 


2.9(2) 


27.7(15) 
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A25 


1.4(1) 
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A2o*l 


4.3(3) 


9.2(5) 


A26.2 


7.2(5) 
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A26V 




3.7(2) 


A28.1 


10.1(7) 
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A28.2 


1.4(1) 
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A29.1 


1.4(1) 


— 
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1.8(1) 


A30.1 
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1.4(1) 




A30.3 


7.2(5) 
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4.3(3) 


7.4(4) 


A32 


2.8(2) 




AV33.1 


8.6(6) 




AW33.2 


2.8(2) 
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AV34.1 


1.4(1) 




AV34.2 


14.5(10) 




AV36 


5.9(4) 





50 



cfsoai 

27.4(138) 
39.8(199) 
3.3(17) 
0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 

0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20)- 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



. Table cwapiled from B. DuPont, HtmunoblQln qv of hta . vol. 
I, Hlstoconpatibility Testing 1987, Springer-Verlag, New York 

1989. 

* N - negroid; A = Asian; c = caucasoid. Nual>ers in 

parenthesis represent the number of individuals included in 
the analysis. 

Bie nonenclature used to. describe peptide compounds 
f ollovs the conventional practice vherein the ai&ino group is 
presented to the left (the" N-teminus) and the carboxyl group 
to the right (the C-^tenainus) of each amino acid residue, in 
the formulae representing selected specific embodiments of the 
present invention^ the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they would 
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a^ssupe 91: ^ysiologic pR valties, unless otherwise specified. 
In the aaino acid structure fonsulae, eiach residue is 
generally represented by standard three letter or single 
letter designations, rrhe Wona of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-fom for those 
amino acids is represented by a lover case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as "Gly" or G. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., Nature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
Isolation of the desired MHC molecule equally well known to 
the artisui include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chrcanatography, and a combination of all of the above 
tecdmigues. 

A large number of cells with defined MHC molecules, 
particularly MHC class I molecules, are known and readily 
available. Por example, human EBV-transformed B cell lines 
have been shown to be excellent sources for the preparative 
isolation of class I and class li MHC molecules. 
Well-characterized cell lines are available frcai, private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell idnes and Bybridomas," 6th edition (1988) 
RockviUe, Maryland, U.S.A.); National Institute of General 
Medical Sciences 1990/1991 Catalog of Cell Lines (MIGMS) Human 
Genetic Mutant Cell Repository, Camden, KJ; and ASHI 
S^sitbry, Bingham and Women's Hospital, 75 Francis street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable' 
for use as sources for HIA-A alleles. All of these cell lines 
can be grown in large batches and are therefore useful for 
large scale production of MHC molecules. One of skill will 
recognize that these are merely exemplary cell lines and that 
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laaiiy other cell Botzrices c£|tn be csiplc^ Siau^afc 23BV B cell 
lilies hcmar^oim JEor HIA-B And HLA-C could s^rve as sources 
for HI.A-B and HLA*c alleles, respectively. 
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HLA-A allele b cell line 

aTT " 

COX (9022) 

STEINLIN 

(9087) 



15 A2.1 



20 A3. 2 



25 A24.1 



30 All 



JY 



£BH (9080) 

H0301 (9055)GM3107 



KT3(9107),TISI (9042) 



BVR (GM6828A) 
WtlOp (GM8602),I9T52 
(GH8603) 



In the typical case, isaaimoprscipitation is used to 
isolate the desired allele. A number of protocols can be 
used, depending upon the specificity of the antibodies used. 
For eacaaqale, allele-specif ic aAb reagents can be used for the 
affinity purification of the HLA-A, HIA-B, and HLA-C 
aolecules. Several sAb reagents for the isolation of HLA-A 
molecules are available (Table 3) . Thus, for each of the 
targeted HLA-A alleles, reagents are available that may be 
45 used for the direct isolation of the HLA-A molecules. 

Affinity columns prepared with these mAbs using^ standard 
techniques are successfully used to purify the respective 
HLA-A allele products. 

In addition to allele-specific mAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
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onet ahti-mA-B, C nAb, Bl»23«2, could be used in alternative 
affinity purification protocols as described in the example 
section beilov. 

TABLE 3 
ANTIBODY REAGENTS 



anti-HLA K amo 



HLA-Al 12/18 

HIA-A3 GAPA3 (ATCC, HB122} 

HIA-11,24^1 All.lM (ATCC, HB164) 

HLA-A,B,C W6/32 (ATCC, HB95) 

monomorphic B9.12.1 (INSERH*CNRS) 

HIA-B^C B.1,23.2 (ZNSERH-CNRS) 

monomorphic 



ThB peptides bo\md to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a 
.combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
s^;>arated by a variety of 5ther standard means well known to 
the artisan, including filtration, ultrafiltration, 
electrophoresis, size €:hromatography, precipitation with 
specific antibodies, ion exchange chromatography, 
isoelectrofocusing, and the like. 
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S^iuencing of the isolated peptidet^ catt be performed 
according to standard techniques such as Edman degradation 
(Bunkapillcr, M.W», efe_^. Methods Enzvnol^ 9i, 399 [1983]). 
Otiier Biethods suitable for sequencing include mass 
spectrometry sequencing of individual peptides as previously 
described (Bunt, et al.. Science 225:1261 (1992), which is 
incorporated herein by ref curence) . Amino acid sequencing of 
bulk heterogenous peptides ( e,a, ^ pooled HPLC fractions) from 
different class I molecules typically reveals a chjuracteristic 
sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allovs the identification of potential peptide 
^itopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
^ti^s* epitopic sequences are then synthesized. The 

capacity to bind MHC Class molecules is measured in a variety 
of different ways. One means is a Class I molecular binding 
assay as described in Example 10, below. Other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J. Immunol, 141:3893 (1991), in 
VitTQ assaibly assays (Townsend, et al.. Cell 62:285 (1990), 
and PACS based assays using mutated ells, such as RMA.s 
(Melief, et al., Eur. J, Tmrnunol- 21:2963 [1991]). 

Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro. For instance, 
antigen-presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
in responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J. Exp, Med. 166:182 (1987); 
Boog, Eur. J, Immunol, 18:^19 [1988]). 

Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with 
internally processed peptides, such as the mouse cell lines 
RMA-S (KSrfe, et al.. Nature , 319:675 (1986); Ljunggren, et 
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gag-y Tffn»PPc>^» 21:29€3-2970 (1991) )^ axid the human 
soaatic T cieiL hybridoma, T-2 (Cerundolo, et al». Nature 
345:449-452 (1990)) and which have been transf ected with the 
appropriate hua&an class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in vttro primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586) , silXworm (ATTC CRL 8851) , 
armyworm (ATCC CRI. 1711) , moth (ATCC CCL 80) and Drosophila 
cell lines sucrh as a Schneider cell line (see Schneider j. 
£mbrvol. Exp. Morahoi . 27:353-365 [1927]). That have been 
transfected with the appropriate human class I mhc allele 
encoding genes and the human Bj microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leiikapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors, in one embodiment, the appropriate 
antigen-presenting cells are incubated with lO-ioo pH of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
i n Yitrp for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be detezi&ined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells esqxressing endogenously processed form of the 
relevant virus or tumor antigen from ii^ich the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressii^ appropriate or inappropriate human MHC class I. 
The peptides that test positive in the MHC binding assays and 
give rise to spiecif ic CTL responses are referred to herein as 
iamunogenie peptides. 

The immunogenic peptides can be prepared 
synthetically, or by irecoinbinant DNA technology or isolated 
from natural sources such as whole viruses or tumors. 
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All^ougfa thte peptide will priBfierably Jae substantially free of 
other naturally occurring host cell proteins and fragnents 
thereoie, in some embodiments the p^tides can be synthetically 
conjugated to native fragnents or particles. The polypeptides 
5 or peptides can be a variety of lengths, either in their 
neutral (uncharged) forms or in forms Mhich are salts, and 
either free of modifications such as glycosylation, side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 
10 not destroy the biological activity of the polypeptides as 
herein described. 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 
15 desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 
as necessary to provide certain desixed attributes, e.g., 
improved pharmacological characteristics, while increasi^ or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell. For instance, 
25 the p^tides may be subject to various changes, such as 

substitutions, either conservative or non>c(^ervative, where 
such changes might provide for certain advantages in their 
use, such as improved MHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 
another which is biologically and/or chemically similar, e.g., 
one hydrophobic residue for another, or one polar residue for' 
another. The substitutions include combinations such as Gly, 
Ala; Val, lie. Leu, Met; A^, Glu; Asn, Gin; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 
35 substitutions may also be probed using D-amino acids, such 
modifications may be made using well known peptide synthesis 
procedures, as described in e.g., Merrifield, §sXsBS& 232:341- 
347 (1986) , Barany and Merrifield, The Pentid^^ , Gross and 
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Meienbofer, eda. IH.Y.y Academic Press) > pp; 1-284 (1979) ; and 
Stewart and Young, S.oUd Phase peptide 5^m«-Ho^^.;, (RocJcford, 
111., Pierce), 2d Bd. (1984), incorporated by reference 
herein. 

5 The peptides can also be modified by extending or 

decreasing the compound ^s amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
10 that certain amino acid residues essential for biological 

activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 
15 such as L-a-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as B-^-f-amino acids, as 
well as many derivatives of L-a-aaino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
20 electrostatic charge, hydrophobicity, etc. on binding. For 

instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., gIu) amino acid substitutions are 
Bade along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
25 cell receptors, in addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro, or 
similar residues may be employed.- The substitutions may be 
homo-ollgomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
30 necessary between essential contact points and certain 

functional attributes which are sought (e.g., hydrophobicity 
versus hydrophillcity). Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to "the affinity of the parent p^tide. 
J5 In any event, such substitutions should employ amino add 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 



Amino acid substittjtibns iilr^ ^i<^jii^^^ of singl^ 
EBsidues. substitutions, deletidha/ insertions or ai^ 
coBbination thereof nay be combined to arrive at a final 
P^tide. Substitutional variants are those in which at least 
one residue of a peptide ha? been removed and a different 
residue inserted in its place. Such substitutions generally 
are aade in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide. 
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Ala 


ser 


Arg 


lys 


Asn 


9ln; his 


Asp 


glu 

* — 


Cys 


ser 


Gin 


asn 


Glu 


Clou 


Gly 




His 


asn/ gin 


He 


leur val 


Leu 


iler val 


Lys 


arg 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


lair 


ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 
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Subst^nttial changes in function (e,g* ^ affinity for 
MHC Btolecoles or T cell reccqprtors} are made by selecting 
substitutions that are less conservative than those in Table 
A, i.B., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for exan^le as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulX of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is substituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g. ^ lysyl, 
arginyl, pr histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g. , 
glycine. 

The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first sequence fits a binding site 
specific for the second secnience. The term specifically 
includes peptide backbone modifications well known to those 
skilled in the art. such modifications include modifications 
of the amide nitrogen, the a-carbon, amide carbonyl, coaplete 
replacement of the amide boiKi, extensions, deletions or 
backbone crosslinks. SS&, geney^lly, Spatola, Chemistry at^ r^ 
Pipcbemistrv of Amino Acid s, peptides and Protft^ t^*^^ vol. VII 
(Weinstein ed., 1983). 

Modifications of peptides with various amine a^cid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vtvo . Stability 
can be assayed in a number of ways. For instance, peptidases 
and various biological media, such as human pla^ia and serum, 
have been used to test stability. Seg, e.g. . Verhoef et al.. 
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J; Pxruq Pet^b pi^i^^ 11:291-302 (1986) . Half life, 

of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non*heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTI, stimulating activity may be modified to 
provide desired attributes other than in^roved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala,' Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero-- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a ^acer either at the amino or 
carboxy terminus of the crh peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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In some exnixadiaiehts it aay be desirable to include in 
the phamaceutical campositions of the invention at least one 
^component vhich assists in prising CTL. I«ipids have been 
identified as agents c:apable of assisting the priming CTL la 
Xi3£2 against viral antigens. For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then lin)ced, e.g., via one or more 
linking residues such as Gly, Gly-Gly, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g., incon^lete 
Freund*s adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
Mid epsilon amino groups of Lys, vhich is attached via 
linkage, e.g., Ser-Ser, to the amino tezntLnus of the 
iraninogenic peptide. 

As another example of lipid priming of CTL responses, 
Bt QPli lipoproteins, such as 

tripalmitoyl-S-glycerylcysteinlyseryl-serine (P3CSS) can be 
used to prime virus specific CTL when covalently attached to 
an appropriate peptide. See, Deres et al.. Nature 342:561*564 
(1989) , incorporated herein by reference. Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P3CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to 
infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amino 
acids such as tyrosine, cysteine, lysine, glutamic or aspartic 
acid, or the like, can be introduced at the c- or K-terminus 
of the peptide or oligopeptide. Modification at the C 
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terainus in soae cases «B»y alter faiinding cbaracteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ fron the natural sequence by being 
Btodif ied by ^enainal-NHj acylation, e.g. , by aUcanoyl (C1-C20) 
or thioglycolyl acel^lation, terminal-carboxyl aaidation, 
e.g., anaonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with convrational techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols, see, for example, 
Stewart and Young, Solid Phase Peptide syni-ti^o^.,, 2d. ed.,' 
Pierce chemical Co. (1984), supra . 

Alternatively, recombinant DMA technology may be 
oiployed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an ei^ression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression, 
tlhese procedures are generally known in the art, as described 
generally. in Sambrook et al., Moleculai> ri onina. a T.^ho^ i-»T^ 
Kamial, cold spring Harbor Press, cold Spring Harbor, New York 
(1982) , idiich is incorporated herein by reference. Thus, 
fusion proteins which cooprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by cheiaical techniques, 
for exa^;>le, the phosphotriester method of Matteucci et al., 
Jt flat Chgffli ffftC, 103:3185 (1981), modification can be aade 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors ccmnionly available in the art, and the 
vectors used to transform suitable, hosts to produce the 
desired fusion protein. A number of such vectors and suitable 
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host ^steins are now available. iPor expression of the fiisibn 
proteins, the coding sequence vill be provided with operably 
linked start emd stop codons^ promoter and terminator regions 
and usually a replication system to provide an eaq>ression 
vector for expression in the desired cellular host. For 
exasqple, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mamaaalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

TtiB peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/or prevent viral infection and cancer. Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 
lymphoma, CNV and condlyloma acuminatum. 

For pharmaceutical compositions, the . immunogenic 
peptides of the invention are administered to an individual 
already suffering trek cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. in therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 
complications. An amount adequate to accomplish this is 
defined as "therapeutically effective dose.«* Amounts 
effective for this use will depend on, e.g., the peptide 
cooaqposition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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administration) froa. alwat 1.0 |.g to about 5000 of peptide 
for a 70 leg patient, followed by boosting dosages of frbn 
about 1.0 /tg to about 1000 ng of peptide pursuant to a 
boosting regimen over weeJcs to nonths depending upon the 
patient's response and conditicai by neasuring specific CTL 
activity in the patient's blood. It must be kept in nind that 
the peptides and compositions of the present invention aay 
generally be eiq;>loyed in serious disease states; that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the niniaization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
om^sitions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter, in chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. . For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
ewmposition can be targeted to them, minimizing need for 
administration to a larger poiwlation. . 

TtkB peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-Infected cells in carriers, it is 
important to provide an amount of immnno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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the range of alKmt l.o. /ig to about 5000 |ig, preferably about 5 

to loco ^g for a 70 kg patient per dose. Inmunizing doses 
followed by boosting doses at established intervals, e.g., 
from one to four vee)cs, may be required, possibly for a 
prolonged period of tine to effectively iansunize an 
individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

The pharmaceuticial compositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 
hyaluronic acid and the like. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use. as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 
prior to administration. The . cios^sit ions may contain 
pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example^ sodium acetate, sodium 
lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CtL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 
2% to as much as 20% to 50% or.xu>re by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration 
selected. 
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Th& peptides of the invention xaay aiso be 
adminidterea via liposomes, which serve to target the imptides 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lys^hoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle^forming 
lipids, which generally include neutral and negatively charged, 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of , 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g. , 
Szoka et al., Ann. Rev. Bloohvs. ?ip*>n^- 9:467 (1980), U.S. 
Patent Hos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
intey; the manner of administration, the peptide being 

delivered, and the stage of the disease being treated. 

For solid cosq^sitions, conventional nontoxic solid 
carriers may be used which include, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose. 
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soczose, aagpnesiua c^bonate/ and the like. For oral 
adainistration, a phamaceutically acceptable nontoxic 
coaiposition is formed by incorporating any of the nonaally 
eaployed excipients, sucto as those carriers previously listed 
and generally io-95% of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably i%-io%. The surfactant 
mist, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic pplyhydric alcohol or its cyclic anhydride, nixed 
esters, such as mixed or natural glycerides may be employed 
The surf actant may coniititute 0.l%-20% by weight of the 
composition, preferably 0.25-5*. The balance of the 
coaposition is ordinarily propellant. A carrier can also be 
xncluded, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
1-Bunoaenlcally effective amount of an immunogenic peptide as 
described herein. The peptlde(s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
ho-opolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer 
the additional ability to induce antibodies and/or CTLs that ' 
react with different antigenic determinants of the virus or 
tumor cells. Useful carrrers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as bovine serum 
albumin, tetanus toxoid, polyamino acids such as 
poly(lyslne:glutamic acid), hepatitis B virus core protein 
hepatitis B virus recombinant vaccine and the like. The 
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vaccines caa also contain a physiologically tolerable 
(acceptable) dilu^t such as :vater, phosphate buffered saline ^ 
or saline^, and further typically include an adjuvant. 
Adjuvants such as incomplete Freimd's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials- well 
knovn in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. upon immunization with a peptide cou^sition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later Infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities, such an amount is 
defined to be an ''immunogenically effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about I.o 
fig to about 5000 ftg per 70 kilogram patient, more commonly 
from about 10 ;tg to about 500 pg mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization purposes, the 
prides of the invention can also be eoqpressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to es^ress 
nucleotide sequences that imcode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and methods 
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useful in jjimunlzation protocols are descnribed in, e.g^^U^S. 
Patent: No. 4»722,848> incorporated herein, by reference. 
Another vector is BCG (Bacille Calnette Guerin) . BOT vectors 
are described in Stover et al. ( Nature 351:456-460 (1991)) 
which is incorporated herein by reference. A vide variety of 
other vectors useful for therapeutic administration or 
iiBDunization of the peptides of the invention, e.g., 
gftlttPnglla typhi vectors and the liXe, vill be apparent to 
those skilled in the art fron the description herein. 

Antigenic peptides may be used to elicit CTL ex viyO f 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or ttimors in patients that do 
not respond to other conventional forms of therapy, or vill 
not respond to a peptide vaccine approach of therapy, ex vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
vee)cs) ^ in vhich the CTLp are activated and mature and expand 
into effector CTL, the cells are infused bacJc into the 
patient, vhere they vill destroy their specific target cell 
(an infected cell or a tumor cell), in order to optimize the 
in vitro conditions for the generation of specific cytotoxic T 
cells, the culture of stiisulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g», precursor CD8+ cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 
of sufficient quantity to become loaded onto the human Class I 
molecules to be e3q>ressed on the surface of the stimulator 
cells. In the present invention, a sufficient amount of 
peptide is an amount that vill allow about 200, and preferably 
200 or more, human Class X-HHC molecules loaded vith peptide 
to be expressed on the surface of each stimulator cell. 
Preferably, the stimulator cells are incubated vith >20Mg/3al 
peptide . 
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Rest^ing or precursor ia>8+ cells We 
culture With the appropriate stiBiulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific sanner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stipulator cells may vary from ixuiividual to individual and 
may further depend upon variables such as the amenability pf 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for vfaich the vithin-described treatment modality is 
used* Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTI* in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific HHC/peptlde 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary immune responses. While small amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a significantly higher 
number of HHC/peptide complexes. Peptide loading of empty 
major histocompatability complex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses. P^tide 
loading of empty major histocompatability cos^lex molecules on 
cells enables the induction of primary cytotoxic T lys^ocyte 
responses » 

Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a technique to remove 
endogenous MHC-associated peptides from the surface of APC, 
followed by loading the resulting empty MHC molecules with the 
inoBDunogenic peptides of interest. The use of non-transfonaed 
(non*tumorigenic) , non-infected cells, and preferably, 
autologous cells of patients as APC is desirable for the 
design of CTL induction prptocols directed towards development 
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oif «jr Vivo CTL therapies, mis application discloses aethods 
for stripping the endogenous MHC>associated peptides from the 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a triseric complex 
formed of the following elements: l) a peptide usually of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its oi and a2 
domains, and 3) a non-covalently associated non-polymorphic 
li?^t chain, ^ji^^croglobulin. Removing the bound peptides 
and/or dissociating the Pjmicroglobulin from the complex 
renders the MHc class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them. 
Therefore, the first step is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
their degradation before exogenous peptides can be added to 
them. 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 
37 -c to 26-c overnight to destablize ^jmicroglobulin and 
stripping the endogenous peptides from the cell using a mild 
acid treatement. The methodis release previously bound 
peptides into the extracellulai environment allowing new 
exogenous peptides to bind to the empty class I molecules. 
The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MHC complex, but requires 
an overnight incubation at 26»C which may slow the cell's 
netabolic rate. It is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 
produce high amounts of ^ty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid strij^ing involves extraction of the 
peptides with trifluoroacetlc acid, pH 2, or acid denaturation 
of the immunoaffinity puriJied class I-peptide complexes. 
These methods are not feasible for CTL induction, since it is 
Important to remove the endogenous peptides while preserving 
APC viability and an optimal metabolic state which is critical 
for antigen presentation. Mild acid solutions of pH 3 such as 
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glycine or citrate^pho^hai^ buff ere have been used to 
identify endogenous p^tldes ai^ to idehtify tumor as^ciated 
T cell epitopes. The tresatnent is especially effective, in 
that only the HHC class I nblecules are destabilized (and 
associated peptides released) , while other surface antigens 
renain intact, including MHC class II molecules.' Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. ThB 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4»C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient In 
inducing peptide-spiecific CDB+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, feir the p^tides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or Immunoassay 
methods. 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors, by the practitioner. 
Preferably, however, about 1 X 10^ to about 1 x lo", aore 
preferably about 1 X 10« to about 1 x lo", and even'more 
preferably, about 1 x 10» €o about 1 X lo" activated CDS* 
cells are utilized for adult humans, compared to about 5 x lo* 
- 5 X 10^ cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture prior to 
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adBinistratiott of the CD8+ cells to tJife indivi&ial being 
treated. It is iaportant to note, however, that nnliJte other 
present and proposed treataent modalities, the present aethod 
uses a cell culture systen that Is not tunorlgenic. 
Olherefore, if coiq)lete separation of stiaulator cells and 
activated CD8+ cells is not achieved, there is no inherent 
danger known to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
mamnalian tumor-promoting cells may be extremely hazardous. 

Methods of re-introducing cellular components are 
known in the art and include procedures such as those 
exenplified in U.S. Patent Ho. 4,844,893 to Honsik, et al. and 
U.S. Patent No. 4,690,915 to Rosenberg, For example, 
administration of activated CD8+ cells via intraveno^ 
infusion is appropriate. 

a!he immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

W»e peptides may also find use as diagnostic 
reagents. For example, a peptide of the Invention may be used 
to determine the susceptibility of a particular Individual to 
a treatment regimen which employs the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration, hot by way of limitation. 

Exaiimle y, 
Class I antigen 
A flow diagram of an HIA-A antigen purification 
scheme is presented in Fi^ire l. Briefly, the cells bearing 
the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x 10» cells), harvested by centrifugation and 
washed. All cell lines were maintained in REMI 1640 media 
(Sigma) supplemented with 10% fetal bovine serum (FBS) and 
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an1:ii>lof:ics. For l£a:9e-scale cultures, celld were grown In 
roller botrtle culture in ftFHI 1640 with lO* fbs or witb lot 
horse serUn and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRD5000 centrifuge with 259 
rotor and washed three tii&es with phosphate-buffered saline 
(PBS) (0.01 M PO4, 0.154 M HaCl, pH 7.2). 

Cells were pelleted and stored at -70 'C or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 
solution [1% »P-40 (Sigaa) or Renex 30 (Accurate Chen. Sci. 
corp., westbury, MY 11590), 150 bm NaCl, so bk Trls, pH 8.0) 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10* cells per al detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution inmediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylaethylsttlfonyl fluoride (PMSF), 2 nM; aprbtinin, s 
#»g/»l; leupeptin, 10 ng/ml; pepstatin, 10 /»g/ial; 
iodoacetamlde, 100 pK; and EDTA, 3 ng/nl. cell lysis was 
allowed to proceed at 4 'C for 1 hour with periodic mixing. 
Routinely 5-io x lO* cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4*c and 
subsequent passage of the ss^ematant fraction through a 0.2 u 
filter unit (Nalgene). 

The HLA-A antigen purification was adiieved using 
affinity columns prepared with mAb-conjugated Sepharose beaiUi. 
Por antibody production, cells were grown in RPMi with 10% FBS 
in large tissue culture flasks (Coming 25160-225) . 
Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on prbtein-A-Sepharose (Sigma) . Briefly, 
saturated ammonium sulfate" was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4*C to precipitate the immunoglobulins. The 
precipitated proteins were harvested by centrifugation at 
10,000 X g for 30 minutes. The precipitate was then dissolved 
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in a aininuB volume of PBS and transferred to Atalysits tubing 
(Spectro/Por 2, Hoi. wt. cutoff 12,006-14,006, spectua Medical 
md.). Dialysis was against PBS (2^20 tiaes the protein 
solution volu«e) witli changes of dialysis buffer over a 
24-48 hour period at 4*0. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 ninutes) and 
the pH of the solution adjusted to pH 8.0 with IN Ma(ffl. 
Protein-A-Sepharose (Sigjna) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose coIubb, 
was prepared. A colunn of 10 nl bed volume typically binds 
50-100 mg of mouse IgG. 

Tbe protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<ioo ml) . The 
column was washed with several, volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriate pH with m 
HaOH). For mouse IgG-i pH 6.5 was used for lgG2a pH 4.5 was 
used and for- IgG2b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with BOO membrane), ©le anti-A2 »Ab 
BB7.2, and the anti-A3 aab, GAPA3, are particularly useful for 
affinity purification. 

The HLA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 
■Ab bound beads were washed with borate buffer (borate buffer- 
100 mM sodium tetrabcirate, 154 >« HaCl, pH 8.2) until the 
washes Show A280 at based line. Dimethyl plmelimidate (20 mM) 
In 200 mM trlethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al 

257:10766 (1982). After incubation for 45 minutes 
at room temperature on a rotator, the excess crosslinking 
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reagent vas removed by washing the beads twice with 10-20 nl 
of .20 nM etHanolaaine, pH 8.2. Between ea^ch wash the slurry 
was placed on a rotator for 5 minutes at room teaqterature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium aside. 

The cell lysate (5-10 x lo' cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus o.i% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M MaCl, 20 AM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed tor protein quantification using 
either a colorlmetric assay (BCA assay. Pierce) or by SDS- 
PAGB, or both. SDS-PA6B analysis was performed as described 
by Laemmli (Laemmli, U.K., jf^tuys 227:680 (1970J ) using knouii 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific HBC molecule. In the case of HLA-A2 and HLA-A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HIA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shtws SDS-page (12. 5t) analysis of affinity 
purified HIA-A3.2 from the cell line EHN. An affinity column 
(10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of SxXO* cells was passaged over the colv^ 
and the column was washed extensively. The bound IILA-A3.2 
molecules were eluted from^e column with 0.15M acetic acid, 
50 ml. One ml of the eluate was removed and lyophilized to 
concentrate the sample. The sample was taken up to 50 /tl with 
Leaamli sample buffer and 20 ^1 were loaded in lane 2. Lane l 
contained molecular weight standards: Hyosin, 230 kOy B- 
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galactosldase, ll€lcD; pliospborylase B, 97.41cDy bovine Benia 
albimin, 66.2kD; ovalbnain, 451cD; carbonic aiihydrase, 31kD; 
soybean trypsin inhibitor, 2l.SkD; and lysozyne, 14.4JeD. 
Standard concentrations of bovine benm albumin were ruA in 
lanes 8, lo ng, 9, 3 jig, and 10, i^g to aid in the estimation 
of protein yield. For this particular HIA-A3.2 preparation, 
the estimated yield was approximately 112 /ig. 

Por HIA-All, A24.1 and Al, an alternative protocol 
was used whereby anti-HIA-B and C monoclonal antibodies were 
used to deplete HiA-B and C molecules. The remaining hia-a 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class I 
imtigen isolated from the EBV B cell lines will range from 
800-1200 iiq per 10*° cell equivalents. 

Example a 

An attgmqtlve class T T>»rific;.»<»n r r-rrrTT l 

HLA-A2.1 molecules were isolated using the m&b 
Bl.23.2 which detects an epitope expressed by HIA-B and c 
allele molecules, but not by HIA-A antigens. TOxe mab, W6/32, 
detects all human class I molecules, including HLA-A, B and C. 
As mentioned above, these mAbs react well with the B cell 
lines serving as sources of HIA-A antigens. The Bl.23.2 mab 
reacts with the various human B cell lijms, but fails to react 
with a mouse cell liiie that expresses a transfected HIA-A2.1 
protein or a chimeric A2.1 mouse K»» molecule, it does react 
with the human cell line, OR (Alexander, j., et al., 
iBHRWWqCTgtlr^ , 29, 380 [1989)), that lacks expression of 
HIA-A and B molecules, but expresses low levels of HLA-C 
molecules. Biis pattern of reactivity illustrate how the 
Bl.23.2 m&b can be used to' deplete the B cell lysates of HlA-B 
and C molecules. 

Affinity columns were prepared using the affinity- 
purified Bl.23.2 and W6/32 mJlbs, respectively, as described 
above. a*e procedures for the preparation of the affinity 
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cbluitos are essentially Identicil to tie procedures described 
for the preparation of the allelc-^cific oAb columns 
described above. The Bl.23.2 inAb affinity column was used to 
deplete the detergent lysates of HIA-B and C molecules using 
the protocol as described above. Ofte cell lysate depleted of 
HIA-B and C was then passed over a H6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HIA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. in addition, it 
could also be used to isolate any class I molecule type'from 
transfected cell lines. 

Example 3 

. Iso^at49n ?>nd s^gnencina of namirAiiy p rocess^ j ^j^*^^ 

For the HIA-A preparations derived from the base (50 
aw diethylamlne) elution protocol, the eluate was immediately 
neutralized with 1 H acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Hodel 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (o.Ol M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. A ' 
small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson). Glacial acetic abid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound pep^des. The sample was cooled on 
ice, returned to the cxmcentrator and the filtrate was 
collected. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrlltor, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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The retentate contains the bulk of the HZA-A heavy 
chain and Bj-Bicroglolmlin, idiile the filtrate contains the 
naturally processed bound peptides and other components with 
nolecolar vei^ts less than about 3000. The pooled filtrate 
xaterial vaa lyophilized in order to concentrate the peptide 
fraction. The saaqple was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
s^paratdon of the peptide fractions, the lyophilized senile 
was dissolved in 50 /tl of distilled water, or into 0.1% 
trif luoracetic acid (TPA) (Applied Biosysteas) in water and 
injected to a CIS reverse-phase narrow bore column (Beckman 
CIS Ultrasphere, 10 x 250 mm) , using a gradient system 
described by stone and Williams (stone, K.L. and Williams 
K.R., in, Hacromolecular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, Hew York, 1988, pp. 7-24. 
Buffer A was 0.06* TFA in water (Burdick-Jackson) and buffer B 
was 0.052* TPA in 80* acetonitrile (Burdick-Jackson) . The 
flow rate was 0.25O ml/minute with the followiiig gradient: o- 
60 min., 2-37.5* B; 60-95 min., 37.5-75* B; 95-105 nin., 75- 
S8» B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
(Pig. 3) . Whether a given peak represents a single p^tide or 
a peptide mixture was not .determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 
were analyzed by automated Edman sequencing usin^ the AppUed 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
acids. 

The protein or peptide to be sequenced was held 1^ a 
12-iBa diameter porous glass fiber filter disk in a heated, 
argon-purged reaction chamber. The filter was generally pre- 
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treated vith fiioBrene Plus™ and then cycled through ohe or 
more repelbitions of the Edman reaction to reduce contaminants 
and iaqprove the efficiency of subsequent sample sequencing. 
Folloving the pre*treatment of the filter^ a solution of the 
san^le protein or peptide (10 pmol-5 nmol range) vas loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter vas usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion, in coupling step, 
phenylisothiocyanate (PITC) is added. The Pirc reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile 
organic acid, trifluoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTE) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters.. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved among'^ the peptides being sequenced, 
increased yield for that amino acid is observed. 



Examole 4 

Definition of an A3. 2 specific mQt|f 
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There is BdoiBe aoil^igttlty in the international 
nonenclatore of A3 alleles. The A3. 2 allele herein is 
exporessed by cell lines EBH, HOlOl, and GH3107. This 
particaaar subtype is currently referred to as the 3.2 allele 
5 (Yang, in mnMinobioloaY r^r wy^ft, Vol. 1, Dupont ed. . Springer* 
Verlag, Nav YorJc pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EMBO J. , 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line. The HLA-A3.2 encoded by the A*0301 gene 

referred to in this document is the conoaonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Exasqple 3 above were obtained from 
15 HLA-A3.2 homozygous cell lines, for example, CM3107. The 

pooled fractions were HPLC fractions corresponding to 7% to 
19% CH3CK. For this class I molecule, this region of the 
chromatogram was most abuhdemt in peptides. Data from 
independent experiments were averaged as described below. 
20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shown in Table 5. For eac^ position except the first, the 
data were analyzed fay modifying the method described by FaDc 
et al. to allow for comparison of experiments from different 
25 HLA types. This modified procedure yielded quantitative yet 
standardized values ^le allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of XO rows (each repres^iting one Sdman degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated 1^ free amino acids.). The 
values of each row were summed to yield a total pmoles value 
for that particular cycle. For each row, values for each 
amino acid were then divided by the corresponding total yield 
value, to determine what firaction of the total signal is 
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attributal>Ie to each tmixm acid at eaxOi cyclB. By doing so, 
an "Absolute Frequency" table was generat^^. This, absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
"relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding l.oo by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
<V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (H) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

Cysteine was not modified and thus not detected. 
PTH-tryptophan coeluted with diphenylurea, and in some 
experiments, FTH-arginine coeluted with the major derivative 
of PTH-threonine. Therefore^ cysteine and tryptophan are not 
'detectable and arginine is detected only in the absence of 
threonine. . » 

Previously described MHC structures showed instances 
of critically conserved residues at position 2 (or 3) and at 
the C terminus (either position 9 or 10) . These residues are 
referred to as "conserved" residues. The modified data 
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emalysis of this inv^tion considered the conserved {positions 
at the N and C terminalis. 

Thus, the HLA-A3.2 motif should have position two 
occupied by V, L or H, a length of 9 or 10 amino acids, and a 
C- terminal position occupied by K. 



TABLE 5 
Summary 

HIA-A3.2 Allele-^So ecific Motff 

Conserved 
Position Residues 

1 

2 V,L,M 

3 y,D 
4 

5 
6 

7 I 

9 K 

10 K 



gxanole 5 

Definition of HIA-Al-soecif if. p eptide tnrrt^ i f ff 
HLA-Al molecules were isolated and their naturally 
processed peptides characterized, as described in Saea^le 3 
above* In one case using HAT cells^ pooled fractions 
corresponding to 19% to 50% CH3CH were used. As in the 
preceding exan^le, residues shoving at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (B) were elevated and 
at position 9 and 10 tyrosine (Y) showed a marked increase. 
Other increases noted were proline (P) at position 4 and 
leucine (L) at position 7. Therefore, the motifs for HLA-Al 
based oh these data would have residues at position 2 occupied 
by S or T, a peptide length of 9 or 10 amino acids and a 
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b-terminal reisidiie of Y. Alternatively, another i&otif voiild 
conprise a D or £ at position . 3 together with a C terminal 
residue of Y« 

TABLE 6 

5 Summary 

tffA-ftl Allele-Specjf i<? )fptif 

Consesrved 
Position Residues 

10 1 - 

2 S, T 

3 D,E 

4 P 

5 - 
15 . 6 

7 I. 

9 Y 

20 Example 6 

Definition of HIA-All allele-soectf ic peptide motifs 

HLA-All motifs were defined by amino acid sequence . 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 

25 HIA*A11 moleciiles purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V), a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) • At position 3 

30 increases in methionine (H) and phenylalanine (F) vere also 
seen aiul at position 8 glutamine (Q) was increased. 

TABLE 7 
V: Summary 

35 MA-All Alle^e-Speping ffotif 

Conserved 
Position Residues 

1 - 

40 2 T,V 

■ 3 M,F 

4 
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5 - 

6 - • 
7 

8 Q 

9 K 

10 K 



Example 7 

Definition of HIA-A24,1 specif ic Pepiiide Motiifa 
HLA-A24.1 allele-specific motifs were defined by 
amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH3CN of HPLC fractionated peptides 
eluted from HIA-A24.1 molecules purified from the cell line 
KT3. On the basis of the data presented in Table 8 a motif 
for HIA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine (F) 
or leucine (L). Increases vere also observed at several other 
positions: isoleuclne {IX and methonine (M) at position 3; 
aspartic acid (D), glutamic acid (B), glycine (G), lysine (K) 
and proline (P) at position 4; lysine (K), methonine (M) and 
asparaglne (N) at position 5; valine (V) at position 6; 
asparaglne (N) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E) , lysine (K) , glutamine (Q) and serine (S) at 
position 8. Table 8. 

Summary 

HIA-A24.1 Allele-^sp^ olfic Motif 



Position 



Conserved 

Residues 
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8 

10 

5 

Class I allele «^„o acid secnxences f ro„ vartusTT 
tuiaor-related proteins were analyzed til ^ ' ""^ 

10 .otifs. Se^ences for all Of the rl^r: a^tif""''^ ^ 
Obtained fro. the GenBan. data ^.s.7^lJTJlT%r^ 
The identification of »otifs was done usiTtT 
Progra. (Oevereux, Haeberli and Sails "Js,? 
Research JiOl; 387-395), (1984) . Nucleic Acids 

encoding "oiriaroUr^^^^^^ — 
the C3.es Of „u.an P-PUloX "r,^^^^ - 
•ntigen (PsA), p53 oncogene, Epstein iTT 
(EBNA-l) , and c-erb2 oncoaei^eT T Antigen-i 
>0 Melanon» Antigen-l (hTgeT . . ^^'^^ ^"^Z"-) ^ -d 
in Z , « Single sequence exists 

in the eases of Hepatitis B Virus fHBVi ^ 
Virus (HCV), and Human I»iaunodef iciencv H«P«titi» c 

strains/isolates exist and » ^^""^^"^ (HIV) several 

GenBank. ™^ »»«ve been placed in 

^ For HBV, binding aotifs . 

«a ^ ^" "»tU^^^ .or ^ 

.yv that .re «t p"s"t iTaa ' ^* 
Of p.ptid.s. ^" to the ll.t 

In the case of hcv « 

were i,u„tl«ed on those regions tLlt. ' 
(o»e reelaue, verUtlon bet«e„ the , C " " 
Of residues t„ „xo fro. 5 vir.1 ^11.! '^""'^ 
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v^ce oi varxatxon (one residue -» * 

added to the peptide list. ' 

Several Botlfs for each allele shaw« 
to screen several antigens. Protein es o. Z. ""^ 
virus (HPV) type 16 usin„ » Papilloma 
i««-v; type 16 using motifs from all of , 

xe «.s also se.rch«i for Jtif. , " 

tro. all alleles (Table 10) The IT -otif. 

»tl,e ,ro. all allele, ,1^1.^, ;^,^ '^'"^ 

envelope p„tel„ 2' 

(Table „, . j„ ^ ^ de^,!" '~ 

tbe conventional .y^i « -o'""- 

The letter -x- repr—nt, a .1.. ca^la^T 

acid) . cnaracter (any amino 

The following motifs were screened in th« 
search: '-«=«inea in the present 



1 XSXXXXXXY 

2 XSXXXXXX3CY 

3 XTxxxxxxy 

* XTXXXXXXXY 
5 XXDXXXXXY 

* XXDXXXXXXY 
' XXEXJbOCXY 

® xXExxxxxxy 

1 3CVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
* XLXXXXXXXK 
5 SOQCXXXXXK 
^ XMXXXXXXXK 
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For HLA-Ali fa*TT^T) . 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 
< XVXXXXXXXK 

fgr Hrj\-A?4.i ra*7^^|). 

1 XXXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XVXXXXXXXL 



Peptides with MHC Class I Binding Motifs 



Table 9 
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Aa Position 



Sequence 

30 IHDIlLECVy 
69 VCDKCLKFY 
77 YSKISEYRHY 
80 ISEYRHYCy 
92GTTLEQQWIK 
93TTLECXIYNK 
106 LLIRCINCQK 

2 HGDTPTLttEY 
16 QPETTDLYCy 
44 QAEPDRAHY 
89 IVCPICSQK 



3 RFEDPTRRPY 

4 FEDPTRRPY 
25 LQDIEITCVY 
41LTEVFEFAFK 
72 YSRIRELRHy 

«4 SVYGDTLEK 
101 LLIRCLRCQK 

59HTMLCMCCK 
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Antigen 

HPV16.E6 

HPV16.E6 

HPV16,E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E6 

HPV16.E7 
HPV16.E7 
HPV16.E7 
HPV16.E7 

HPV18.E6 . 

HPV18,E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPV18.E6 

HPyi8.E7 



HLA molecule 

Al 

Al 

Al 

Al 

All 

All 

A3 

Al 
Al 
Al 

A3, All 

Al 

Al 

Al 

All 

Al 

A3, AH 
A3 

All 



Human Papilloma Virus is and 



18 (E6 and E7 Proteins) 
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Peptides with HHC Class i Binding Motifs T^ble 10 
AA Position sequence Antigen 



2SLEQRSLHCK HAGB 1 

96SLFRAVITK hage 1 

96 SLFRAVITKK njiQE 1 

108DLVGPLLLK mage l 

128 HLESVIKMWC maqE 1 

128MLE5VIKNY mage 1 

152QLVFGIDVK HA6B 1 

IfilEADPTGHSy MACE 1 

182 LLGDNQIMPK RAGE 1 

215 WEELSVMEVY MAGE 1 

223 VYDGREHSAY MAGE 1 

238 LLTQOLVQEK MAGE 1 
239LTQDLVQEK MAGE 1 

239 LTQDLVQEKY MAGE 1 
240TQDLVQEKY MAGE 1 



HLA Biolecule 



A3 

A3 

A3 

A3 

A3 

Al 

A3 

Al 

A3 

Al 

Al 

A3 

All 

Al 

Al 



Melanooa Antigen MAGE 1 
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Peptides With MHC Class 1 BiMin, Ko^lfs Table 11 
*A Position — • *"ti,e„ HI* „l.^. 



21IVGGWECSK pg. 

A3* All 

57LTAAHCIRNK psA 

88 VSHSFPHPLY psA 

95 PLYOKSLLK psA 
178 DVCAQVHPQK psA 
182 0VHPQKVTK psA A3 ' 

236 PSLYTKWHY psA ' 

239 YTKWmfRK psA 
241KWHYIUWIK psA 

242VVHYRKWIK psA ^' 

A3, All 

Prostate Specific Antigen (PSA) 



All 

Al 

A3 
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Peptide ,itl, mc Cl„s I Billing Table 12 

*A Po.mc„ serene. HI* „l.cule 



2 STNFKPQRK hcV 

14 MTNRRPQOVK HCV 

43RLGVIUTRK HCV 

302 VQOCMCSiy HCV 

556 WMNSTGFTK rCV 

605 LTPRCNVDY hcV 

626FTIFK1IIMY hcV 



All 

All 

A3 

Al 
A3 
Al 
Al 



Hepatitis c Virus (Consensus Sequence, 
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Example 9 

To verify that -otif^ontaining peptide sequences are 
indeed capable of binding to the appropriate class i 
> molecules, specific binding assays were established. HIA-A3 2 
Bolecules.were purified froi. CM3107 EBV cells by affinity * 
chroBatography using the GAPA3 vAb (anti-A3) to isolate A3 2 
Prior to the step, the lysate was depleted of HLA b and c * * 
molecules by repeated passages over a Bl.23.2 column (this 
^ibody is B,C specific) generally as described i„ ^campie 2, 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALIHK) , containing an A3.2 motif, was used. This 
peptide contains the anchor residues v, and K,o, associated 
with A3.2-specific binders, described above a Y r««,H 
inserted at position 5 to allow for radiol^in^on ^p^IL 
were labeled by the use of the Chloramine r method B«use: 
al., SSZisnsSS 235:1352 (1987). which i« i^^ 

reference. incorporated herein by 

nn Of 94/«ror7'V'r'"'' '"'^^^^ " 

W£ V^X.XZ at pH 7.0 and 23»C, in nr-e»*ir.^ «^ 

^..w^wi^ --"^rxn presence of a croteaaA 

=hloro..thyl ketone ,II^„, i, , ^ ^^f^ 

radioactivity we ^j, jutratlon over Tac 2000 

colu^s « previously deecribed (or clee. a pZsT^ ', 
"Mys in Sette et al c < I»Ptido bindinj 

^ I. ineorporetea herein by reference. ,.1; " " ' ' 
»«.d bindln, (in the .0 to xoo, r«^e, obel^el L « . 
concentrations r«K,ih, between 35 and 3.0 nH. ^fbl^i 
Observed at 15 nM A3.2. Wndxng was 

sensitivity of the assay, a concentration of s-io ,^ a3 . 
selected^for further assays t„ i-k- / ^ 10 nH A3.2 was 

5, inn A3\2 and an equivalL con /T"'"' ^^9- 
9<1.12 were incubatJili^rl " radiolabeled 

using the conditions described above and 
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rr 

5. or 22 .MX. . ..^.r inhibition «„ ob.«^.a with 

I^Ptid. (xc50» ,40 Finally, peptide 92TlT/it 

not sh» .ny inhibition up to th. ,0 ^ ^H,. it " 

eonelnd«. that poptlde. ,40.0, ^ " 
lnt.r«dUt. .«i„lty bi«..r., r..p,ctiv.ly, vbil. peptide 

Tteoughout this disclosure, results hsv. been ' 
«*res.ed in ter^ of lc5..s. Given the condition; i„ „h • . 
the essays ere run (i.e., li.itin, „„c end le^leTp^pJl'** 
"ncentretlons,, these values .ppro.l..te K„ values it 

-.Pendin,'rt^e%tt:rr=C«ru:n rr-r 1 

^ZTZTJiJ- ' ^~i:ns o, 

llgand. ' ^'^'O « • given 

reterence peptide. The reference peptide is incLf. • 
-ay. AS a particular assay becoLs -ore ortsT " '"^ 
sensitive, the Icso's of the peptides t^.r\, 
.-e«„t. However, the bindi^'^lHi™ t tH' T" 
peptide .ill not change. r.r L.ple^^T ' 
conditions such that the less o, Ji 

Inereases 10-fold reference peptide 

-»=re«ies lo-told, all icso values will ,1.0 shl»» 

.pproxlBately 10-fold, ^.fore, to avoid .I^J",. 
"«.s«„t Of Whether a peptide is a g^ i!!!^r-f"'' 
« negative binder should be based on iST^, » ' 
tt« ICSO Of the standard peptide relative to 

P«l=uur".ry\"''j/,^''r'" ^"'"^ ' 

then it .houid L :„d^'::^'tSrthTL"'r " 

<tatenane good, intermediate, ^ 

Should be Mdified bv . - negative binders 

odified by a corresponding factor, ror exasiple, 1, 
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(941.01) were to be measured as a Wm ^ 
5 usual cut-,« vxu. er=o ™ ' ' ^'"O <" 

•Bsaye can toe performed as follows. ^P^^^fio binding 

The cell line BVR was used as a source of htj. 
dependency of the binding on KttC concentrat^n in I 
absence of are shown in Fig. e, ^^Ttla - 
dose dependency of the inhlh*-! 1 ^' ^^^P^^^ the 

or .pp.«„t «, or « oTr« 

. ~urce o'r"^'riT.Lr"r - 

purlrictlon or A «lecul.. w ' '''"~«» ""y 

PeptUe. were synt^„,J, l^^!', 

that in ^.1^ 

« lime a. 3^ ^ ^TllZiTZ JT, 

^ tWA^AKV. i„ the ^ "^'l"^!" Pr»be ,,44.02, 

«« assay estal.Uehenastrm^"™'^' "»="iotty 

« IC50% was Masurea (m,. i,, „ 
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10 



15 



20 



25 



120 „M. Further Scatchard analysis (Fig. n, verified that 
the apparent K„ of the interaction corresponded to 21 „m, with 
a % of active receptor corresponding to 5.1%. 

Hn. T "Olecules were purified from the 1CT3 Ebv cell 

line, in this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF a«l 979.02, AKDHYN^ 
results of experiments in which the * bound of t^lTT' 

Fig 12. m both cases, 10-15% binding was obtained with as 

13) rili^r"" ^ experiments At 

13), limiting HHC concentrations, revealed that the bindlno 
was readily inhibitable by exces. unlabeled pepti^! 
apparent k„ of 30 and 60 nM, respectively ' 
experiments verified values of 136^ 2' Scatchard 
apparent % of available r^J^^lT ^^ll ZZTs'T' 
and 7.4%, respectively (Fig. 9. ^ j,) . o„ the LT I 

label indicator for A24 assavs ««Mra 
acccplished. l„ conclusion, specific tor L „ 



30 



35 



aCPflnsfpn Of HIA A pr>«.|f, 

«..a. ^nrr^.^jrr.'ri':;""^?"-^ 

«. A3, All, «^ «4,. ,.ls .lio.n v^ml!r:rl"^ 

correctnes. of the «tlfs by «,ne of ^„t^ 

Wious BIA A «,tifs for . P'PWaes carrying the 

.l«.ine residues, m scrips "^"f o^Y 
Introduced «lthln th. residue was also 

"ithin the se^ence. with the purpose of Increasin, 
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solubility. The use of such -neutral" polv A h,„VK. 
applied to the case of class -II .oleLr^^ast " 
in detail, for exa^Xe, aa«,etz3cy et al ^.a^::: T^"^ 
EMBO J. 9(6):i797,1990). (J^rdetzJcy ct al. , 

5 Por example, in the case of A3 2 a »„i-«* w 

defined with a hydrophobic residue in position 
positive Charge (K, in position 9. Th^ to CJ-. " 
presence of these two anchor residues ^^Id Jn^^^"!! 
context Of a poly a backbone, for A3 2 blr^i 

> -nalo, .i^ ^ :22LT:^^^^^^^ 

found that in all cas«.o ^-k binding, rt was 

-»t CM, th. binding ^ 

exception, to thl. ,ene«l rule were obse^' 

o^i AXl peptides crosereacted ^J^^ T " 

« peptide. i.::L«^":i:er::^^-t'r- 

«rlnlti«,, on All and M.2. ^'"''^ 
To further define the structural r, < 

- , residu."::;tiT.''::^' L° x™"":: ^ ^--^ - - 

f^kle M). These «„lo,s »e^ 7. " -^W^-ired 

•0-ltlon.l Ale residue ^l^rLT""" «. 
"*.r residues are not J^^CLdCi"""*^' 
1^«<. to 2 and , in the prlC^o^ ,1*. °" ' " <" 
•^ined Illustrate that .^ifs^ "-^^s •. 

opable Of speclflcallv hi J. residues are also 

-leles. alh.it wit a suXl"! T •=^"" ' 

«i a Slightly lower efficiency 

p,A";err-hr;:ai":.e"""" r - 
- - Of there r"" 

, « mer or li-aer peptides 
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The i.t. d^cribed .J»ve show that 'ie prMe^a of 
certau. residue. i„ the ™*or poeition. does .llow^il't 
= xn . .neutral, poly » ^ ^» 1"" 

ln.e.tl,at, to .hat degree other a^, add. (for exa^ole 
che^oalXy related .^o acid., ^^t be toleratLT^^ 
«u^al a^or pooltion., analo,. o. ^ of the^ol^ * 
peptide, tro. Table 13 wre .y^theeired, in which J , 
preaent in po.ition 2 (or 3) or 9 „. vIriL ^ *" 
thi. anaiyei. „. ^ '^^^^ H- J " 

I. V, s. A, T, and F were found to be orefen-oH /k- ^, 
relative to previously define, anchor rL d^., ^n^r " ''^ 

0 were permitted (bindin, . o.oi to 0 l^eltl^s ' ' 
previously define, anchor reeldues, . The su^tlutr 
because of its .inilaritv to D I- .u. «"»»tiution of E, 

tolerated, m ^^Z^Vk « ^ H'""" 
Becauee of a sLiiarity i„ nltlf't^^ H ZTt"^' 
preferred. Ho other r..i*. H M«l f rtlould al.o be 

A3 binding. ""^ «»»"lo„ , for 

m positio„%":err.' H TTT "'' 

.i-ilarity,. xolera J^'w^"^ " « 

in position 9 K wa. !' » = el«il.rlty) . 

in -iti^ rr.^;*;'.^!^;^,":; :jr ' 

tolerat«l. m position 9 f r I 

- ^ HO ;th„^;estu: Z'Z'^ZT " 

-a p.evirsirbeTde^in'^^'re'rri-'-r 

preceding section show that thr.IT^^f in the 

(i.e., that two out i,^ i-S'P-ndently of e«j, 

.or binding,, r^s ^'ZZ.ZVJT'^r^l 
•"•logs containing two «.chor. .1!^^/ f ""^^ 
residues ^ght be preferre^^: XatT^ " '° 

data Shown in Table la shL^^Tr P«l"on. 

18 show that x„ position 2, t, s, and 
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M are preferred, and no other residue is toi«r«^ ^ 
position 3 (Table 19, , r> and E are pref er^I^ ! f ^ 
by si^iarity, are tolerated. PinauriT p ' iT ^ 
is preferred, and no other residue aoL T " ^ 
5 (Table 19) . residue appears to be tolerated 

Thus, on the basis of the data i*- < = 
peptides carrying any combination of two' pref e J". ' 
can bind. Peptides containing P^^erred residues 

^. , ptioes containing "imperfect- motifs i « 

biochemistry Of paplUc^vinL '""'^ ""^ 
to 10« Of total Mrtauty aSlT '^'W- and 1„ up 

«r«p..^ o, ; ^tl„t,. of th. vort*,id. 

«• M., com.li„«,, H. T Li„Kr\ fenotyp. (R.e„ick, 

c«vl«x c.hc„ spec 
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Ln, • '• ^ prevalent, of 

neopl„l.. ^e. ^. cane. „m.4,. T*. .Mll^*^^ „ 
^-«rt.Uze rod«,t call. (»„u«,to, s., B«rtt„dt, a T 

^. ri«l. 57.572, .nd hu«u, k«:.ti„o=yt.. ,Plri.i. " 

s.. ,.u«, „., ooni,„, a., ^ 
U"7 . Ir«»-for«tlo» Of h«-.n ttbrobl«ts and 
lc«:.tinocyte. with human paplll„i„vl™ type « dha j 

"^-.,.-lna.p.„aent ,.„«h h^ ^^"I^lc^r.r " 
vtth a daletion In the short ar. „„_ 'ibroblaata 

»»"l-.tep proce Of cervical carclno,eZis 

In general T cell imnunlty in , 
<=y^t«ac , lymphocytes ,CT., Is l^'c^^.'^" 
•gainst virus-induced tu«.rs (Mellef 

-.dicatlon hy adoptive transfe: of ;y:«:; ^ 

Cancw- «... s,,„,. ~ cytotoxic T lyi^hooyt«,. 

(»«.. Lassons f ro^ T c"u ' 
for cancer -.dlcatirn J^.I^r^IL"' 
«-ntly in . .ous. .odel.Tt'::: 

protection against ap» is e7 • °" <>' 

With cr. after i».»ni.ation .^^^ ^ "^^-ed 
(CI.™. L., Tho«s, E, K. Bu r «Pre«;lng cells 

Bellstroa, K. E i^.f T' ' "'"^trfim, i., „a 

' ii. (1991). Himan paplliomav^rni.^ 
»«olecprotein E7 is a tumor reiect!™ . " ^ 

^1. ...no; Chen T ^T T 
Bellstroa I u.,,^^ ' »• 

i™»ity^^ the B, coun^ re«pt:r:::te'?/' 
«l«:ul.s CO.. and Ceil. ,^"„^r ' »''-*°<=^ 

protection by CTL »as recently show^ J ' 

ently shown in aouse models m «hioh 
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^'■'■•uiia.ng or mice against virus irt^^^s 
M., Zlnkemagel R m „ infections (Schulz, 

» . ^ *• and Hengarter, H. nggix 

Peptlde-lnduced antiviral ^- <1991). 

. peptide, '-c. .^^t j,", 7 "t"-- 

-"del It has „„„ teen shown that c^^ ^ " 
asalnst aPV « l„a„ced tu«,rs " ^ 1^^^ Protection 

vaccination with . CT. epitoT.^i™^:^.'^ 

C7(). t» oerivea from the viral oncogene 

<.esirahleT^r.'ntil.r," -t 
induced tumors ar^T ''"i"" BPV i. 

.«-tr.ns,or.«,-canc^ c^urt'vto^LrL'"^ "''^'^ 
C.. .indgren, v., Braun, M. j.. Z^Ti «• 
tm7,. structural and tra^scr ww/" ' 

papillomavirus type it """'^iptional analysis of human 

sequences in cei-vir^.i . 
lines, .r. Virol. ^ ^" *=^«1 «rcim»» cell 

C»«J. Transcription ^f h^^apUl^ i 

9«». in a cervical cancer " type « ..^,1, 

"entification of the r^roti. "^r'Tr 

".•46.0, and involved in Le ZjcTr' ««• 
"Xiular transforation in :i::o^^,'^ "t"^ 

Crawford, l., and Banlcs l. r,^ ' ^"^'""tem, J. 
BPV-X5 H7 protein is f o ' 

*™-'or.ed ph«^„, of^slT "the 
^r^..^^. «-V-" Plus 

»«bbert, K. I., ^ ; "-"leir «.leon. P., vousden, K. 

« K and B7 proteins cooperate to im^lUe J"'"- 
««r«tlnocytes. aoo j. „ ■™°rtallia human foreskin 

cell line, derived tr'JZ^,^'"'^ °' ^" Wtro Jrowth 

-.intenahce of the phenotype of 1^,1,^ »» 
.von Knehel Boehe.it.. H.^auL^ rT^: ""^ 

**r , and 2ur 
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glucoc<«:lc„id-re,„l,ted tr««cri^ inte9r.tl„„ „„ 

I«PiU<»avI™ genes E6 ^ Z ^°^-"^i^l»tion 

' 'PltoP- «d pot«,tl.l v.cei,» : /° •"'--in. the cn, 

« .cr...^ peptic.. .P^*^' " « 

M4. c«bi„e^ the«e five allele, vLf^ ' '^^"^ ««' 

* eoniilete set of 240 o 
leniW. «,d < „ overlen J*'*?"*"' synthetic peptide. 
^= E, oncogene .^ence. ."T*"' " « 

^ted^or their ehUlt^ to Wnd"^"""- P^P"-" were 

"oleoule. in bl™,i™ ° ™ «°re«a.tl„„ed m* 

°' thl. enelyals «,ow the "utlT "» -"-at. 

the respective a^t^ier^:'*™ « P-Ptid^ 

' =««ild.te CTL epitopes f or^ T 

in T«,xes SO,.,-,d, for 

-"ihedr ^ritrirfor:--"'"' 

^Udt" .nchor resldnes ,„ tZj:^::",^ ZT, 
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ESCOM, Leiden. 1003-1004). The peptides all • 
group at the C-tenainal end wer! 7 «»"Ting a COOH 

Side Chain protective J^'s Zl : 1 
.^eous .P.. Peptides'Tere Ja^^rn;^ ^^^^^ 
5 lyophilized and dissolved at a Z "^«^s«d Phase HPLC 

phosphate.hu..e.ed sal^e T^^o^rr " " ' "^^"^ 

63175, ^.ore use. once dissolvL^e ' "° 
at .70. c. Since cysteine containt,";:;::^^^^^^^^ """^ 
to (air) oxidation during 6ynth««4o P^P'^^es are susceptible 

cysteine. alanine instead of a 

- J<»«JJtification or peptides fr-r.^ 

Of J40 peptides Of , „ i„ lenoth , ^ * co-pjet, set 

= -e.l„, t.e ee^e^s <>. t.e^rH:;^"^'" ' 

bouM to KLX-^ «l.cul..r^x " «-t 

«• only peptide, yieidl., „tl,^^^T" **"^- ""^ 
•~n thet J peptide, bouj with h I k ' " «" 1^ 

<>0.>.. . Vlth mter^di^e ^Xt ^^'^ *° "^-"l- 
.ftlnlty (0.01-0.001, Pe«rf (0.l-«.oi, e„d , „ith 

value to 

celcuute the concentrr^^n „1 " -P«ri«„t.. 
• SO, inhibition doee ,lt , ' "^Pt"- "ece...^ to yield 

hy the^ ir ^ 

" IC„ of 23 m (81/3.5,. -^l'. peptide E6-.0 

«.X.ItV. T"" -^^O to HL»- 

•«l"ity hinders, . „ I„l21i.T *"'^*"'<' " ^ 
1~ .«l„lty hinders. ^^ZT^.T"''''^ 13 as 

■""-^ to H«-j^,i., „ "'^ -"crlbes the peptide, thst 

lOentUied, . interred! P^Ptlde. were 

"finity binders. t«, h. k ^ "^"'^ «kI lo low 

pep«.es .ith . y -^=tir,:n:r«i::r^"-"' 

ir-o 42 QQLLRREVY^ £6-69 
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VADKAUCnr, were identified for hla-ah 2 cn„ „ • 
Mnding strength of the first two peptides ^^T"' "^'"^ 
between the HIA-AII.2 »otif thl ^ L T ^ ^^^-^^^Y 
Vs are preferred at the 9th aa ^li^ ""^^^ ^" 

S inciuded at the 9th positio" Z Z1^:Urr^i: ^ 
Tahlea 2l(b, and (c, it i« clear tha^th^e is ! , 
Of peptides that bound to both A3 2 and T.^ t ''''^^^'P 
Eighteen out of 28 E6 and E7 pepUdes " i^..? T^'^'^^' 
.olecules overlapped and only 8^!^^ ' ^^'^^ «^ 

0 A3., and 2 peptides unigue f L H^^^t;/^*^ ""^^^ 
Finally, Table 20(d) descrlh»= 

" high .„l,uy .1^1^ peptl^r "™"«ea 
binding peptide. 5 „ .1 .l. Intermediate .ffl„ity 
."inity peptide high 
«"nit. peptide ,B,-„ vt.te^^T"'''' 
thet „ A at the second positllT.K^ "«>tl«ed, indicating 

«^ -i. j::.*^^" r"iii«:::r ^ 

I» analyzing theee table, it can h. , ^" *">le 20-e. 

' high a«lnity binding ^ 
or the t«.ed H«-r ..letLr^M^ 

binding to «r, aliele. »-e Peptides 

38) bound to aL».„.,, , ■ <*» P«Pt"e ,E*- 

«>a M-eo) bound to BL»-« « , . Peptides (E6-«8 

<=ro.«:e.ctive peptide b^/ . »"* 

HU L^e^^r^ ^ - « the 

"hcluded that, except roir ' " "» be 

^ i<j and ^7 peptides. , 
P-Ptide. ««, .is„ ^. „^.frt*'**' W~»i»9 Of a 

'oiiowed the identified':::::; d""^'^^'^ 

- ™ .nchor X— - 



wo 94/03205 



PCr/US»3/07«l 



10 



15 



20 



15 



overall efficiency of the 2 ,3, 

"KniUtes «d this is su^irize,; Tj'.T^"' 

— I-de. that «« ^if^i:^,^:!\' ■ " can ^ 

»"-A molecules .re quite ecdr!* *^ f ttent 

W»der. het^ee, 4. end tool j^''' ^"^i't, 

P«r<»nt Of th«,e peptides that were '~ "*« 

.ctuelly did hot hind is very iT.J^T^^^ '° ""^ 

*«>lyz«l differently of Z 
■.in- to HIA-Al actually 5 t^LtZT^""^^^'^" >'-«'i"ed to 
affinity, ai, thaToT^T " ^'«-e«"e 

«== be «d. to find these potentlT^ ™ 

"-P«rt:ively. ^is li^Ue. tlTth ' 

«»t had not he«. predicted hy 1" r ™ , °' 
«>« <-) in Tahles 21(., - Tl^ ^' ■^"crlbed «,tif., 

predicted by the 2, ,3 ' '' """^ <" Peptide, that .eri 
l««i=.tin, that h.;i^ thTrLT" ""^ 
~meie„t for hindin: ^ ^'iL'ttT'th":""" " ^ 
rMldue. can wke neaatlve ej» "on-anchor 
peptide. contribution^ to the binding of a 




»c"^. .l*.t influel ti^citordiT'""'" « 

to the relevant a« .Ue^s Peptldees to 

'"t'ntlal target ^leculee v^. 1 ^'"ce- of y^i^ 
■ctif-contaihing peptide.!" ^TT "^""ce of 

»< ".2, only 39 M«. "•»1« 20) 

^ Wih high affinity in « "5 peptides 

^und With inter^iatetfLiriL" anT'- « 

(In the 50 to 500 nM 
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range), while 34.6% bound w-alclv /* 
"0 peptide. >^ W,r.«T:t""<"'' " 

to tb, so m l.v.1. ""^ " «». «t l„« „p 

» in t.o «.?:'/:^rr.:"° "'^^--^ - 

The SMM type of mtlrmls were .1.™ 
«« ot 10-«r peptides carryl,! ei^^M 1" the 

-otlfs (Table. an r' " All 

"sea, the fre^.^ ^oiS hj '""^ 
" and re.pectlT.ly,'~^^7"" "^'^ <"•"• 

«.t«-co„tai„l„, 10-..^ papt^IL 

1« general, reduced attJiC "'^''^ 

that ^."^'c.'V,'^ Clearly 
» .««=le„t per to .U«,^/!^! l' "ot 

.PP«e„t that the «tJ.~ t/::^,^* "^l"'- It is thus 
positions oth«r than 2,3, . " ""'•ined i„ 

».t lUely «,laJ:Ln"t/thr: 1" '"^"^^ "-^i"'- 
P».enc Of certain r^l^ ,^^ ^"rvation is that the 
<=" negate or i«^.ase thHi-L^ "^-iWons other than 2 and „ 
-aterminant. ' ""^"^ Potential of a peptide 

data shorn in «.k. 
•P«"lc bindin, esssyTJ^trr^^*? -o- 
""tainin, peptides, Jep^.. thT. , •'^«'*» 
-a-ted to devis. an altL.a«vr.tr «• also 

procedure, that would be .bl. ^ ^"'W' '^^V to derive 
««f ining peptide., which oL^L"'""'*' ^ 
i»ter«dUte binder^ and^K^ »■»<> or 

. -«r .^i-nt. not"^.:^.^^::^?^" I. 

Shown to be i-«no,«,ic r:""*'' " »">«' "nder. have 
"««-as ,^t have a nejati™ il!!"'™'"' *<^«ty 
•U positions for ^.2^^^^^ -n analysis of 

-ptides, both ^ -/^^ c'rsrr"^*-' 

carriea out t« 4.1- 

In the case 
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cc-paree good and Intenaediate bind Js TtT 

and nonbinders on the other. ^^'^ 



25 



In light 

p..itio„ p, . peptic .^-^ L ^rr " 

l-u* Obtained duri™ the >» "tiu^e the date 

^ 3.1. or co":tatxr;:p":i"irto": - «• 

= for .«h p«^ic„i„ allele . , " "»«-lth. 

•»i»o .eld at each poeltl™ , ^ ' «<* 

-Ch realdue le t..rar:L';a°^o\n:"r 
"«l*.e in ,ood and inter„edWhl^.^/"^'"=' °' 

o, that realdue i^ZJ^Z ^ '^-^"^^ « 

^ — "^""raro^i'rtor"'' — 

rare r«.id„es, each a. tr„t^w "1th «». 

°«=™™>«- to Obtain a too (,„ 

twenty a^ posl^^:^ , « the 

conserved residue, that def^ Z, containing 
PcPti-. 1. scor«, in the !l,^i^'' """■). * 

Of It. residues. ^ " ' « the score. 

power of an i 

1« further underline, hy iVTblTT. "l"- binding 

•f Poptide. With the hii.^ "^"•^^ • population 

««. to rely, for eCl.^r* "»^- « 

Pr«ii«tin, Si^h h f 

t*. i«,e ™^r Of p.p«dr* LTi " 
P"<"lct«, to he good bLde^. «»ld be 

J^*''^ Of the., peptide, are ,:rbr:J'' ' "'""^'^^ 
>«»er percentage are Inter^diat!^.! " ■""»«-t 

l"»«r percentage of toe „ntZ^ » ""I 

peptide, predicted by the noti, are 
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either weak or non-binding peptides m ^ ^ 

•r* orMt«i vltn . gr..ter percent... '"P"^''*"" « peptWe. 
^~t„ percent.,, .'J ^^-e^I^HLtHn.^r " 
5 perc«,t.,e, reutlve to thet predictor T 

peptide., ere «... ^ «o„-bl^:^. ^ -'"-■•t.lnl^, 

^ The pre.«,t exMpl. of .n .Igoritlm eee. th. 
«» «req«„cy ot occurrence of .„ .,u„; .c« , „ 
non-binder, to «..ure the i^ct of TJ^I ^ 
0 ..ch poeition Of . p.ptide. xt i. LLd'^.r.""''""* " 
Of ordin«y «iU in the « th.t there „e .L *' °~ 

Of creating . .i.ii., .l,orlth.. P„r IJZll 
■vorege binding affinity velues, or rex^^e : T 
-.ino .cid substitution. i„ . .^tif Z^Zi ' " 

POIy-.X„i^e b^^bone to generate ^*:::r'r^ ^x""" ' 

An aXgoriOm using averaoe hl,^. 
-vantage of incXuding axx'of peA«e7i„ 

-n the .i.prj^:^-^:,r~' « "--y 

.l,orith» by cxcuxating for eaL J^l/'"'' ^ «» - 

.verage Xo, of binding .hen that partll x" ; "r,"""*"""' 

.et Of i^tif containing peptiL. T f ""^^ ^ 

» peptide i. then ticen as tH^o^ tT 

for «,ch Of its residue.. """^ Position 

^tion or'i^.'ix^X/^pVide^V T °' *«Pe«ture 
etfeotiv. «I*-.llel.-sp^i^I^'t''"' ^ ««P«e 

»» «C were „.«. to sLiti^e <»C) • 

IWphocytes which 1«1 to tK ! drtotwcic T 

cnotoxic ceXX.:* .c^Tx'rT' °' ""'"-Pecif ic 

P*^ohe«gluti„i„ (««) "cexTl f*^ """^ 
-<»«»o<par cXis (ra«C) or .talh f ""^P^"" "Xood 

(«c-l, Activated PBMC L ' 
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The following describes sources f «. «- • , 
the following examples: ««terials used i„ 

L-Ascorbic acid, cat ^nc:D-> , „ 

d, cat /B582, J.T. BaJcer, Phillipsburg, 

Anti-HIA A2 (BB7.2}, Cat /HB82, ATCC . , 

Antl-HIA DR (LB3.1), fro» J r ^^^^ille, Md. 

, / frpn J. Gorga, Children's 

Hospital, Pittsburgh, PA. 

Anti-HIA Alpha chain pan ABC (9 12 ii , 

Anti-Bouse Igc FITC ean-i»^>«. 

^ conjugate, cat /psna-* <.i 

l^uiB, MO. '«883, Sigma, St. 

^Microglobulin, Cat .KOli., scripps 1^, ^an Oiego, 

BSA Fraction V, Cat /A9418, Sigma st • 
50CC conical centrifuge tu^^: IV ' 
Lincoln, Park, wj ' ^^^^^n- 

^^s^L'r^"' '-O.0001, Kalge, 

jovial, cat /5000-0012, Halge, Rochester HV 
Dimethyl sulfoxide (DMSO, , cat /D2650 sToL 
I«uis, MO. »-"*o3u, Sigma, St. 

DKAse, cat /260912, Calbiochem San n, 
Dynabeads M-450 goat ant^ 

Dynal, Great Neck, NY. i^llO.06, 

EDTA tetrasodium lalt. Cat /ED4SS c4 

KO. ^ED4SS, Sigma, St. Louis, 

FACScan, Becton Dickinson, Sa„ Jose, CA 

Fetal calf serum irr^x ^ s. ^ ca. 

Irvine, CA. ^ ^' '''^ ^"-^ne Scientific, 

Plcoll-Paque, cat /17-0840-03 Ph-^ • 

MJ. P*»«rmacia, Piscataway, 

Gentanicin, cat /600-5750AD Gibo« ^ 
Hunan AB senun r»c\ ^ ^ - 
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Hu»an rlL-2, Sandor, Basel, Switzerland. 
Hu«a„ cat /ri-l587-l, Ge„.y.e, Ca»b^idge, HA 

isopropanol, cat Pls^er Scientific, 

Pittsburgh, PA. 

^ "^"^oCELLector T-150 culture flask f „^ , 

» OKT4 hybrids .uperMt«,t, ct /au, 8002, atcc 

PBS clcluB .„d Mg„asiu. free (c«P), cat tl, T,., 
BloHhitteJcer, H.lkersvllle, MD «'-516B, 

»« 1«0 . Hepe, . ,i„t«a„e, cet «..„5B, 
BloUhlttaJcer, WeUcerevllle, HD 

Gibco, Grand Island, my. •"•wmj, 
Sodiu. Chloride (»aci) , cat ««4-05 J T n „ 

wl^rj"**' "^^ HE», 

Wilaington, OB. » 

Sodiun Phosphate aonobasic, cat /S963fl 

l^uis, MO. 'S9638, Slgna, St. 

Triton x-ioo, cat /x-ioo, sig»a st 

24 well tissue culture Plate^^t ^io^ ^'r* 

Becton Dickinson, San Jose, cx ' 

96 well 0-botto„ed cluster plate Cat #37,« ' 
Ca«»b*^i<ige, MA. /3799, Costar, 

Culture Jfediua. pha hi«c*-« 

«™ »to . Hepes r,r::r„e":,r^r:r - 

t-9luta.l„e (Irvine Scientific « ^ "^^ ' «« 
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cell line. (ICL) „i„t.inad In RPMI 164» + h.o.. i 

9.nt«lcln above .nd l.» he.t i«.ctl,«.^.^r,'~' 
wer. perfonMd in la>MI/lo» res. «lM«e ,s.ai„ 

> hu^ lnt„lo«ki„., ,rlL-7, <o«„^, .Trl -T 

concentration of 10 n,/«l. • Meed .t , llnel 

leoletlon or Perlpherei Jlood «,no„„cJear Cells ^ 
blood we. collected In heparin (10 U/.1, cont.rnZ " 
"d .pun in socc conloel centrifuge tubLT^Tc^r' T"'" 

10 .1 Of the buffy coet coUeoted Tl'T 
"I", . cirouler ««:ion. n» b«fy coet^^ ti t It'"^' 
.nd diluted with en equei ,oiu„ J ^•!' thoroughly 
diluted buffy ooet we. then leylrld ^^I tl 
(Ph«n«>cl., in . 50CO oonicel tu^.!! "«>ll-P~r... 

ncot " --'-"-^.terrrrSe*-" - ' 

Plcoll-pias»a Interface containing the pbmJ 

-in, a transfer pipet (two interLt ^ "orrt^^^'^' 

washed three tiaes vith 50 ml rpmt """^^ 

for 10 «i„. '^'^^ f"®^'' «00, and 1300 rp« 

-ovi.1. ;^:i.T»r':::«d"i; " --^ 

containers (Halge) containl,«> l.„ 1" cryo I'c freezing 

" -7..C fro. ,.;::^^rt::^^:r: 

l~propahol was changed after ev^5 !l " 
tr«»ferred to li<n.id „itri,.„ ,^10^^' 

thawed by continuous s^i!! . ^ ^ """9'- «"<= 
X-^crystal was ne'in;:^:^ IV'" 
diluted into 

serum free rpkt ^- * ^ ''^i^e ^^^ediately 

.void owing, (Calbiochr"rr*^^wir " "^'^ 
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^pietio» Of Ly^p^ocyte s^pop,.latlo^s . cw lymphocyte 

depletion „„ perfo,«d using .ntibody-coatea fiaslcs^^ 
Ml^oc^ctor T-150 rl^ tor the selection ot C04. cells 
<*M.ll«i l.„.„e science.) «re «shed .ccortin, u. the 

for 1 hr .t roc» temperature on . riet surface. Buffer v.T 
•spireted end rissics -ere v.sh«, , .ddition.1 time, ^s^inc 
the fleslcs for M sec ^ «.lntei„ing cover.™ of thf.,!^ 
. surfer xo eech .ashed flas.. „ J cultLe' JL^VsT^ 
were added and incuhated for « .in at roo, temper^L^e o„^ 
flat surface. Media was left in the flask untii ,^ 

to receive the cells pbmc „„ »^ " '"^y 

"4e cexxs. pane vere thawed in RPHI/st h« 

ccntainin, 30 „H»se, and washed twice^ L^. 

hlocRs PC receptors on PBHCS. ror one AT.:, 

— »."s=r^ tr.. 

temperature on a flat surface ^-k . 

the flask was gently ro::^^;^" ^to^t Jf 

resuspend the nonadherent cell. " "«= 

cells vere harvested, and then ^.r^nrsh^:: 

™s CHT to collect the nonadherent cein .T" "'^ 

a»-depleted cells were pelleted by It'if^Tr"' , 

resuspended in complete culture Jiu. 

oaneratlon of pba Uasts. pbmc were . 

standard Ficoll-Pa,^e protocol f ^ 

twice before use. ^l^w^ ""^^ 

»»x/s. BS containi^?^"^ ^'^r^.^ "'"^ ^ 

containing xo o/ml r IL-2 wl^h , J =«lt«re nedium 
--e.. M^ts .ruSd a»'^"I.r T"*""' " 

0««atic„ Of empty class l moUc^™ H 

only p«;formed by the acid „ loading were 

----4S:erdrL-^rarxr^r 

were isolated using the PicoU-Pa^e protocoT t:::^;^^'' 
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prepM^d ,s previously described «.d washed tvice be,o„ 

^i7s. T "«hed 

cold sterile o.»* mcl (J.T. Baker) t 1% bsa t- 
S conical .:e„.r«u,. tube, the cells'^ J^r.":^ J,".: 

PH 3, 1» BSA, 3 ;.g/,l tfjalcroglohulln (Scripps L«», , ' 
Incubated for 2 .1. »„ ice. l,i„.edlately 5 
. sterile ueutralLln, b„«er « ,o.„ K LL X:,' 
«nobaslc PH 7.5, 1. BS», 3 u^,^ fl^Mcroglobulln « 
I»pMd., were added, and the cell. 3ere p!lle^ « Lno 
5 mln at 4-0. Cell, were r«,u.pe,K.ed In 1 ™i^" 
neutralizing buff«: « tPBS CMP i» bsa 
«r/.i *,^=ro,iobuii„, « „/^'p^^:; " ' 
i-o « ...c. cells were J^^n^^^ZlZJlT:;: ' 
.pproxwely 5 x lo'/iU and irradiated wlTjoT'd 

then centrlfuged at 1500 rp. for 5 J^at rlol 
te.per.ture and resuspended In culture inedio^ T . 

wth peptid.,'th. rZrLTJiT^:::::^'^- 

Responders were pbmc ^-k «. Population was prepared: 

..scribed ^«r«:^rc:ir:rr.r 

culture i^iu« .t , » io«,., , , ^* "«<»I«n<led In 
.u-penslon was dispensed L^, .[^\VnZ IT"'^ 
culture Plate ,r.ic„„, ^ecton Dlclcl^","" ^.^'^^^^ 
pieced U the incubator at 37-c 5. cn 
PcP-lation was re«,y. Onci Ir^Id a\2' 
»«»P««.«i m culture .ediu. con^!S» « " 
"V.1 for the PBHC, or at 3 x^^sT-w « 
- or stWator cell su=^sU wlt^a^L > 
.Utes containing the responders. '1^.7. ^'IZT^, , 
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lOOjl culture c<»tai^„, „„ . 

e«l, well (20 „g/well rn^7 . o„ day lo .ft«: 

ws added to each vail (20 n/»all rIL-j ,^^1, _ ^ 

^tisren K»stima.tlon ot CTL. on day 12-u after the 
ixauction, the prl«ry cn. were reatl«.iat«I with peptide 
l«lD9 adherent APC. *"tolo,o«s PBHc were thawed .!! 
deacrihed ahcve. Cell, were IrradXatJ^^rrat "t^." 
T re,uspe«.ed In culture -edlu. at^^, "^X, 

til T t» veil Of a 2,-;eU 

treeue culture plate, and incubated for 2 hr. at ^l-c ^T^ 
Hon-adherent cells were reeved hy washing each well ;h^' 
ti.«i with serum free «Ba. After this step a 

Wells wL!^ / ' ^ V^Ptid^ and ^jBicroglobulln 

.t:; ^oi: -ir - 

eytotoricity chremluB JteJease ilssav s.™- - 
restl^iation of pria^ry Induc^I™ *k '""""i-^ 
« the culture, was LesIL ' "^""'^ ''"'^^ « 

"■^ at ttis ."Tr. " "-ponder., 

uais srage are renamed «effecfv>^.sN . 

r«m.pended at x«'/„i i„ R^r,"^ ' «»9ed 
dilutions Of effector. 1. ' '^^-^o" "erial 

0 target ratio, of ^ /"T" T "'"^ ^ 

were aliguotad at 100 w/^U » « 

PLtas (costar,, i„ du^uLt" ""^'"""^ ■=^-*« 
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cells were incubated at 37-C for I hr with agitation 
Labelled target cells were washed 3 tiaes with RPMi/io% fcs. 

c. Sm i nq-yp the ft^^rnvr : Target cell concentration 
was adjusted to loVml in RPKI/io* FCS and lOO ^1 aliquots 
. were added to each well containing responders. KS62 cells 

(cold targets, to block NK, and LMC activity) were washed and 
resuspended in RPMI/io% FCS at loVml. Aliquots of 20 ^,1 were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous s^Cr 
release, lOO Ml/well of RPMI/IO* FCS were added to 100 al/well 
Of labelled target cells, ^ 20 ,1/well of K5S2. For »axi«u. 

Cr release, loo i» Triton X-lOO (Sigma) in PBS CMF, was 
added to the 100 ^l/well l^elled target cells, and 20 .1/well 
K562. Plates were centrifuged for 2 »in at 1200 rpa to 

frsT\"" 'o-ation. Assays were incubated 

for 5 hr at 37.C, 5% CO,. Assays were harvested by 
centrifuging plates for 5 »in at 1200 rpm and collecting 100 
Ml/well Of supernatant, standard ga-ma counting techni^e" 

ZIZT '^'^^ '^"'^^ '^'"'^ (MicromediT 

automatic gamma counter, 0.5 min per tube) . 

IcT -ythroblastoma line was grown in RPMI/io 

lens ZVe^ir^ "^^'^^"^ ^ 

ceils in the chromxua release assays. 

TJZl\TtZ''''^'' "^^^ synthesized 
PeoSi! sequences are described in Table 24 a. 

Peptides were routinely diluted in loot DMSO at 20 mg/m^ 
aliquoted, and stored at -20»c. 

FACS Analysis. Approximately io« cells were u««h * 
antibody that was to be tested c!!il „ 

PBS CMO + 0 1% BSA t! ! ^ ^^^^^^^^ ^^^'^'^^ »'ith 

+ r.Jr ; "0 PBS CHF + 0 1% BSA 

* prxmar, antibody at 2 ^g/ml (BB7.2, ATCC, or (9.12 / ^ 

Inserm-CNRS, Marseille, France) or (LB3.1 child^I^^ : , 
Pittsburgh) were added. A negative Ur;"::^^^^^^^^^ 
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included, cells were incubated on ice for 20 »i„ ^ waahed 
twice With PBS CHF . 0.1% BSA. Cells were re^uspended TToo 
M anti-.o«se igo KITC conjugate (sig.a, , dilute! i:50 ^ PBs 
CMF - 0.1* BSA, and incubated 20 ^ on ice. Cells wLf 
vashed twice with PBS CMP . 0.1* BSA, and resuspendJTn Pbs 
for PACScan (Becton DicJcinson) analysis, when Tt JTs 
necessary to postpone analysis to the subsequent days th. 
cells were fixed with PBS/1% parafor^ideh^ ^n^^l Z 
analyzed within one week. i Eisner) and 

Binding Assays asln^ Intact cells a.d i^cfioiai,eiied Peptide 
^ cells were treated with citrate-phosphate buffer Z 
neutralizing buffer /i as described above T 
were left untreated i„ tissue culture a^ 
both cell populations were washed tWce^:; s^" ""^^^ 
and loaded With «^I-radiolabelled 941.01 cLxTt. ^ 
(Standard chlorate T iodination, . t; det^„; ^ 
specificity, . X 10« cells were rL^T^Z;^^'-'' 
neutralizing buffer /2 rdes«-ih«, w . '^^ 
"*1-941 01 M«5 ' (described above) containing 

941.01 (io5 cpms) +/- 100 ;xg unlabelled 941 01 
were incubated for 4 hrs at ao.r- ^ "^i-Ol. Cells 

free rpmt *-« ^ * «t 20»C and washed twice with senno 

radi<«ctlvlty rei..i„i^ i„ the pellet 1^ "^""^"^ 
a«to«tl= ,,3^ eou^ter. l '^'^^^ "^"^ (Microbe 



Exaiiip2«» 




treatn^ffnt. 



Mild acid solutions of dh i ^ 
"trete-phosphat, bu«ers have be^„ ~* " « 

» P.X1 epitopes, ^e t.eet»nt le^^^e T"**'^' 

. -eie^iee. ::rs:^:rrt^t^-- 
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the »ild acid solutions of this example do not affect the 
cell's viability or metabolic state. The mild acid treatment 
xs rapid since the stripping of endogenous peptides occurs in 
two minutes at 4«C and the APC is ready to perform its 
function after the appropriate peptides are loaded, m this 
example we utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptlde-epecif Ic CD8+ 

"'^TT" *"'^y^^- ™*-lnduced T-ceU bLsts were 

acid stripp«I/peptide lo<ided accordi,^ to the Mthod. 
deecrib^ in Z:aa^i, 15. The resultin, cell. «.i,«d tor 

^.n-.p.ci«c ,9.12.1, .onoclonel entibodt^,. control! for 
m. e.p«:„ent included the .«.e cell populetion vhich J 

T r"'" citrete-phoephet. buffer^tl'.i^ip 

the HBC, but neutralised in the .b.eno. of felOcroalobull. J 

::::^;t oTtT""''- ""-^^ ^ r 

tr«t«.„t Of tl.e« cell, with the oitr.te-phosph.te ,pB31 
~«er .i,nific„tly reduced (10-fold, the rMctiy^t^^'^H 
cell, towera both „ti.„L^ cl... 1 Jibodie""^^ °' 
«antl-BL»-A2 .nd the .iph. chain .peciflc, , but not to«.^ 
■onoclonal antibody specific for cl... IZ^c lZ^Z ' 
,anti-^-„«,. inportan,,,, n«.tr.li..tion TZ 

^tr^tL'": r '^r^ '•'-^"-'^obuirand 

olC. I ^^.^ preservation of . .i^f,c«t a«.unt of 
cla.. I mc antibody-reactive sites, with only . 2 s 
da^«»e in fluorescence intensity. Inportr^tiy, 
ao.d-tre.ted cells regained viable, a. assured L^L,.n b, 
occlusion «d forward/lateral r*c^ scatter ana^ysls^i""" 
results were obtained using EBV-transfcn«d B ^11 iinl^ ' 

^Z'ZJZT -^"^ (^-ich iiL""^' 

either BH-Ju.i or HIA-Al, ,d.t. not shown,. 

Blnaluflt JMiolabeled l^ptide. to impty ffic «ol.„., 
-etemine the efficiency of peptide I^H^ITJ^ZT.:,^ 
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l-tocol av C.U. (.„ BL»-«.l EBV-tr«»£„r^d B cell line, 

HLA-M.l bl«Ii.^, p.pttae. ae .p«:«ictty of this reaction 

bln.i„, . col. p.ptid. Of tb. .... .JJZ tJZ'^ 

P...«.t«. 1„ T.bX. » b a.«„.tr.t. tb.t .ci:-tr.;t.^t oT^. 
cells x«cre..«, sl,„mc«,tly (.pproxlxetely lo-fowrl! 
-ount Of l.bell«. peptide bi«,l„g to the jy cells 
Fx^er^e, tb. binding „f labelled peptide w.s c«pletelv 
blocted by tbe .ddition of the cold peptide. de«.«t^«L 
sp«:lfic binding (d.t. not shown). «»oi«tr.tin9 

Zn vitro Zndurtion ot Prlmuv aatio.n.c» 

tor the induction of pri^ ^ -s^tth ^he'tr"""" 
te.per.tnr. incnb.tlo„ end .cid strip protocol J! „ 
enrichment of CD8+ T-ceii« 

(« -Pletion Of cJ.tLlu,"'' '1:,^°:*^ T 

CIL induction cultures trl Zy 0 Z T" m""^' ^ 

cultural with „ti,e„ .n d.y iL: Ti ^ 

-U. P«ls«, With ^id. LuitTr" "^-"t 

17 Show ej,peri«nt. tlZ' ^^^"^ Presented in rigs. 16 and 

«11 hl„TIf^ " ™" ««-induced T- 

^-uced ^eu ^^.Jr^l^r^.T^'^^ '"'^ ™*- 

U6e of 

Example 1^ 

^ »c-i .^it^v^rirrr' ^ - 

't the rac in Which cl,ss -1 H' *"P«»ture expression 

-tsbie W.S ««iir.:r.L?;!oTr:cr:i:ipX-: " 

generate^ PBMC APC. stripping to 
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^.pjet. cultur. »,dlui.. ^ ti^, ^ 

To^TT °' "-^lutJL 

(Clbco) e»ppl««„t^ rtu, J „ L-,mt«.i„. (Irvine 

Scl«,tific), o.sui sodlu. pyruvate (olbco), lOO o/loo u./.. 

10. h..t-l„.«iv.t«. ,.tex ..ru- ,i»a/l"ncrtvt , 

Instead of lumen eermi. ' 

Q^e*. Feconbinanl l„t«rleu)ci«-j (rlL-2) ^ 

InterleuWn-4 vere .btein«, frc sejo. „ . 

-ere o^teLid^^^ Z^J^Zl^TVZrT-' 
"9/nl, respectively. «" ec 20 o/b1 and 10 

TJ^T: '^"■••^-•^ «t ^.1 and are 

described in Table 24 a P«r.4-4^ 

^ »9/>il, aliquot*!, and stored at -70-c «„tU 

Call Idms. 3X. Stelnlln, emm, bto ana ™, 

hu-sn EBV-tr««i,o™«. B c^irTlnlT' "* """'Wous 

*2., respectlvtir^^nrr^*"' 
^SZ. an HK-cell .en.ltl«, ^TL^ m 
"Mt/lo. PCS, ««, uaed for r^^i^r^i""" 
cn, assays. ,u,l^ cell lI^rfn^K "^"^ "1""9 i» 
«tl,e„, «1 ,„ a„r«T,3.^r 1 

•"<=19«.; .el 888 MrT , "pressing the MME 

888, were also grown in RPMi/lo. PCS. 

^.latlon Of ferlpseral Blood Hoaonacleer cell« ' 

"hole blood was collected Int- k J Ci-BWCsj . 

spun 1„ 5.CO tubes «^.<| ™ ^r*! """^"^ ^l"5.s a™, 

-»ut«. «e plasna Cr Z " 

cost -a. collected wlt^To " " ""^^y 

».e ^^y coat was C « Z^J^ " 

" - -«v coat „. rjd" o^: rr 
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Flcoll-Paque (Phariaacia) and centrif„ged at 1850 rem r^nn » 
for 20 3^„tes, 25.C, with th. brake Iff. The L^/ 
between the ricoll and the plas.a containing ^ p^L Ca 
recovered with a transfer plpet (t.o Inter JceTpeT^ T 
> tube) and washed three tl«ea with 50 of reki ilLT 
and 1300 KSM for lo alnutee) c«ii« ^ °' 

^ Of culture .edlu^rtlti, ad^^L^Tr " "'^^ 
concentration. -ajusted to the appropriate 

continuously shaken 1, . 37-c water bath unS! ;h!T/'" 
«y«t.a v.. al«„t tha«,d (tubes were net" wS ,^"" , 
the water bath or at roe. t«»erature ''"°"'<' *° "It in 
ceil, were dilute., into B^rT^ '7,T"^ °' 
-.-e to pre^. ^ ^ ^^^T::^^! ^Z. 

Induction of Priaary CTL nsina sjic-r a^^v \. 

«P-.1», protein ^TZ.li^'TZlT'' 

»w> "i «t cells per wall w.~ !: 7 """" 

•toys, the «diu. was r.«,ved and th^^,? ' 

miow^ by .aditir:,ZxnorL "i* """^ 

— culturin, .or an additiL': n.y.t Ci::^s. 

ani P>.p1-1i, 1 Hna nTT^, 

X 1. cold temperature incubation: 

a. Expression of empty MHC in apcs: The apcs 
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were adjusted to a concentration of 2 x loVal in coinplete 
culture »ediu« containing lo.„g/«i rU^,^ _ 
-«d^3^^MX Microglobulin scripps X^/. ^^7^' 

were then ancubated overnight at 2S'C in the presence of 5» 
• CO2, It Should be noted that these cells only express a 
fraction of Class 1 aolecules in the e»pty state (-10%) 

ri . ^^^""^^^ °^ sti«,iator ceils: 

Einpty Class I expressing APCs were washed I-2 ti»es with 
seru. free RPKI (. L-gluta.ine and Hepes, and resuspended at 1 
X 10 in eeru„-free KPHI containing 50 ^g/^ total of the 
Peptide pool (i.e., 16.7 ;.g/„l of each peptide in a pool of 
three; 25 ^g/^i of each peptide in a pool of two- 5o\u . 
individual peptide,, 30 .g/„i .„^e, and 3 ^Xl' /I 

Lairr/ ' "^"^ --^-tion at 20.C, the cells wLl 
irradiated at 6IOQ rads (5 x lo«/ b1- 25 

.aditlon to the l«i„ctlon culture (see below) . 

2. Acid Etrippiiq. ThlB u«„J ,s „ 
•Iternetlve «thcd for generating empty HBC 
the APCS. The SAC-I ectivated ^TtZJZj^. 

.odiu. Chloride ^TZ.7^:^T^^ ^ 

cells were resuspended nt lo'/ia in cold cTL.V 
>»«»er ,o.l,„ .^„corbic .eld r, t HiLfT 
Phos^ate «^beeic ,si,«,. piLT^nt^^'.^'^'td^ 
«/« /I,. incubated on ice. „ter , 
cld 0.1«, sodiu. Phosphate «,noba.ic bur^^^ ° 
containing „ bsa, 3 .g/^ „ JZ'JZlL 

Cn«.tr.li,in, buffer /ij was added and tte «^ . . 
nt 1500 »« for 5 .iuutes at 4'C ^, 

ih 1 .1 Of cold ™s containing « 3" '""''^ 

ff^iUcroglobulin, and 50 J/i^pe^', ' "^"^ 

«d incubated for . hoLf^ /otc L Z'""''^ "^'^ "> 
the four hour incubation at ^o'c th^/^"' =^^™t to 
«00 rads (5 X loV .1. J- J° , ' irradiated at 

-.-.ted to the aP^tiaLtil^tTa ::t:';drtr' 
induction culture (see below) . addition to the 
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fpr the depletion of CD4. x cellsT M^io pi^^/^^^^'^^ 
priced by adding 25 ml of PBS/1 ed^ ^^^^ ^'^^ 
seconds .o U^t .11 surfaces LT^T^:^";'^' " 
incubating with the binding surface down at r^^ T 
for 1 hour. Following this Incubation fias^ ! ^^^^^^"^^ 
vigorously for 30 seconds, washed 1 tL wlT^r^ 
additional tiaes with PBS and T PBS/edta, 2 

witn FBS and then incubated with -ji: -i * 
cultur. ..di„. tor xs .l™t«. pbmcs were tlt^Z 

riasJcB, up to l«o -li,. culture aedlmi froM the 

, up to lao million PBMCs were added In 5« , 
■«.lu. =a„t.l„t„, 30 oHAse. «te^ ^ ^1! " 

t«.p.r.tur,, the n...cs were roCed ,e„«' ,^1^ 
"suspend the non«iherent cells b.! " ""^"""^ 
•-P^sion containing the co" ; ceUe^tT' 
tlaslcs w«:. ^ ^^^^ J and the 

P».C were =.„trUu,ed and c^tld ^or^;,^* 
induction culture. »e CD4. and ! °" 

**X.ted cell population was de^efr^"' 
^low). in general, this tech^l^I^^^J^^* 
enrichment for CDBt T cells with " » two-fold 

40-50* coa* T cell, end ^ " oPProximately 

depieti:: Of c^rr jn:*"^ ^ 

«U. c«. aleo he «=co.pilehL^^,^'''"'» « ' 
"tlbody coated magnetic he./ ^ "*">«'l' =<»pl«ient or 

'cells served theXTse^elTr""'- "-^l'""" of C04. 
can. Which would cH^" f ' T,?'"* ''^ -"-iW 

interfere With cn^e^^tlon ' ""™'"*"^ ^ 

tte responder populatlo. „ ' "'Pl'*"" FBMC to be used 

sel^ption Of SHTceLtr'^r^ 
cans ,iove,. ih. relpr^dL ^ « ™* ^ 

i" a 1 ml volume veuXe " ' " "''"^ 

Plate, and placed at 37.C until the 
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peptide loaded stinulator APCs were n.-o« ^ 

peptide loaded APCB were vashldTti^!^ ^l^e irradiated, 

.-gluta^in. and Hepes, , ad^us^d to tloX^rr"'^^ 
medium, and plated into a 24 veil ll^ i ] ^"^^"^ 
S PBMC, 1 . io« sti^lator cells ' ^ ^Tl . 

the .ella containing t.e re^Jrn^L" 11^ /II: ^ " 
PEMC and PHA blasts, i .i or 3 x lovli «Vf , 
Plated in each veil. A final stimulator cells vere 

..cUtional Peptide^ae al: i„~":r^^^^^ " 
0 concentration of rIL-7 (2 ml tLT f " ^^"^^ 

additional lo s^ZTr Jl * ^ 

.X.. was -e:":^^^^^^^^^ - - ^Z- 

cultures vere restimulated vith IZHZ' T ^ 
and tested for c^i^i. acti^tH^^I^- ^ 

:r ^^rrL::^^^^^^^^^ r r — - 

Hepes, containing 3o.g/.i OHAse va^/; t^ ""^ ^^'^ 
to 5 X io« /.I i„ culture »edl„^ f ' ^^^usted 

»llllon cells/tube in s ^'^^l C« 

wash, the PBMCs vere resusoeTr! f""^^'*^ After i 

adjusted to 4 X loVml TrnT r^'" 

per veil of a 2 4 -veil plate Z ''^"^''^'^ ™<^« was added 

-ours at 37.C, vasbed ^r'"' '"^^ ^ 

.nd cultured in medium containLV2T::,rtTr"' 

t*9/nl ^2»icroglobulin added in a o s f '^P'^^**^ ^ 

incubated for 2 hours at 37-0 """""" 

1.5 X 106 responder cells J P^Ptlde vas aspirated and 

in a 1 vo w!^rt:nt^ ^ rr 

containing 20 u/ml rlL-2 vas added culture medium 

(«9«) Plus XO ul/t„C^^('-" r'"-"" """i™ «"e 

««.« It ^ not possible to L" ""**^" MclcWn,. 

a«ly„ ^ ^ ^^^^^ 
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(Fisher) and analyzed within one week. 
Cytotoxicity Assay 

^ « • ^''^'^^^ ^^^^ VrrrnrntUm. Approxiaately is ,n K 
prior to the CTL aseay, target cellT 

EBV.trans.or»ed Unesr^erT:L^d LT::: r 
10 ^ volume at 3 X loS/.x i„ Kim/sHcs ll7'"'^ ' 
absence of lo ^g/i„i total peptide. '^""""'^ °^ 

" ^a'^g^n'T Of tnrqrt mW: ttoet cell« w« 

centrifuged and resuspended in 200 /.l/t^e " JL" " 
chro^te (KKK,, then incubated at 37^0^ ^ 
Targets were washed 3 ti.es (lo »l/3aL, "i' " 
resuspended i„ lo «i (to detenairyr! 
^5 labelling, so ;il/taroerw efficiency of 

ju A*x/carget vas counted on t-h-* w4 
automatic ga^na counter) . Micromedic 

c« fiHuflSsay. Target cells wot-o .^4 ^ 
r««ape„a.d at , x xo'/iU, .„a so Jr.:"^ 

•Win for 5 .iMtes at 1200 •»« . «=«.trifuged 
.«P«nat.„t „s collect^'" 

to .ete™i„e «.e percen, sp^rT^c ' 1™""'*^' 
^™i.= * specific lysis . CP. e,pLL^':.\' '° 
release/cp. Please - cpHponll^^^-^tar;;^ 
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X cytotoxicity assay (CTL assay, was considared positive i, 
tt. lysis by CTL Of targets sensitised with a 
et the t«, highest e«ect*r to target (E-^^ 'T^ 
greater th«, lysis ot control targlt! li l T 
S Without peptide, . . cytotoxlcltTirL;"^ L":!; ^ ' 
cons d„ed borderline if the lysis by CTL of tar^l 
sensitised with a specific peptide at the two hi^~t „ 
to target (B.-x ratios was « greater th«. ^1^^ ! . 
targets <l.e. , target cell, without peptideT 

d. Bssalts. Of the peptides that bind to t*. < 
elleles, , of the 49 K»CE peptides, 10 of tte «^ .""^ 
3 Of the « HCV peptides, and 2 of the 20 n«.^ 
to date Induced pri.«Tr cTL in vi^jT ! Peptides tested 

Ulustratm, cr/respleTto v«i^ J!""'""'"'' 
«.»n for ..igur'T „, , JrltZr^Z%7'''^ 

rie":/::iTu:;s r ^ -"■^'s:^"; 

wnicn lists the imanmogenic peptides vhi^u ^* ^ 
the appropriate «hc and induce pri.ar^ ^ Z lit 
indicated is the DeDtid««« « 

iUus^ate lysis of peptidtsensr^ S:::ts"a::'^ " 

.nd incubation":::^!::: ":;,^:-''^^ te^eratur. 
«ld strip loading ^Z.iSTl^^TZl^.tTT'''-' « 
t-Perature incubation technlgu, (panel b, °" 

Although the present Invent] i,. w 
•<~ detail by way of lUustr.tir? - ^ ->««rU»d In 

cunty and understandi^r^ wlU P-Poses of 

^es and -odlflcatlonr^ay TjU'^^^^'^l-^'^^-' 
the appended claims. witftxn the scope of 
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TABLE 13 

VALIDATION OF CYTEVs HLA MOTIFS 



Binding Capacicy (XQ^^nH) 
Sequence Motif xi 



A2.1 



ATAKAAAAY Al 

ATDKAAAAY Al 

10 AtAJOUAAV A2.1 

AMAAAAAAK A3.2 
A7AAAAAAK 
AYAKAAAAP 



50 
15 
2.8 



A3. 2 AH 

329 77 
9250 640 



125 



All 
A24 



46 

59 



6.4 
40 



15 -A daah indicates 



K^O greater than 20.000 nM. 



A24 



ND 



115 



20 



25 



30 



TABLE 14 

VALIDATION OF CYTEVS HLA 



MOTIFS 







Binding Capaci 


SeOUENCE 


HOTIF 


Al 


AADJCAAAAAY 


Al 


45 


ATAKAAAAAY 


Al 


58 


ATDKAAAAAY 


Al 


4.0 


ALAJCAAAAAV 


A2a 


NO 


AMAAAAAAAK 


A3. 2 








NO 


ATAAAAAAAK 


All 





A2.1 



1400 



\ — 
•A dash indicates an rr 

ICso greater than 20,000 nM. 



A3. 2 

1100 
10000 

65 
216 



All 

1030 
4533 

24.0 
88 
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TABLE 15 
HUI.A3.2 
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TABLE 16 
HLA-All 
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10 



15 



TABLE X7 
HLA-A24 
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TABLE 16 



10 



15 



20 



25 



30 



pemoe 

982.011 

992.07 

982.09 
982.13 
982.08 



ATDKAAAAY | 
ATAJOUUAY I 

ASAKAAAAY 
AMAKAAAAY 
AAAKAAAAY 



954.13 



AUUCAAAAY 
AIAKAAAAY 
AVAKAAAAY 



982.10 

9e2.ll 

982.12 

982,14 

982.15 



AlCWCAAAAY 

ARWCAAAAY 

ADAJCAAAAY 

AGAKAAAAY 

APAKAAAAY 



982.16 
982.17 

982*24 
982.23 
982.28 
982.32 
982.25 
982.26 
982.27 
982.30 
982.31 
982.29 



AYAJCAAAAY 
AlUKAAAAY 

AlAJCAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 
ATAKAAAAK 
ATAKAAAAI 
ATAKAAAAP 



Motif 
1 

0.17 
0.095 
0.0064 
0.0045 
0.0045 
0.0020 
0.0011 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

<o.oooi 

<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0.0001 
<0.0001 
<0.000l 
<0.000l 
<0.000l 
<0,000l 



Po«ition 2 



Poalcion 9 
"o 0 in.pos ^ 



"^O^^O^^^ PCr/US93/0742I 

93 



TABLE 19 



HLA-Al 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA- 



A I 



10 



15 



20 




Bold A-s indicate residues i„ which cysceini ' 
- .ve„,e value o. che .^[^ ""^"^ ^ 

experi^„„ considered i„ chis cable" , «x 3" ! °' ^^^^ 

.re pep.i.., « ^ J «30 Listed i„ 

yielded ratio values of .0.001. "'""^ Pepcides 
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TABLE 20 (B} 

HPV16 E6 and E7 Peptides Binding to HLA-A3.2 



Origin 

B€ 
ES 
E7 

£e 



EC 

ts 

ES 

E7 

E$ 

E6 

E6 

E7 

£6 

E6 

£C 

£6 

£6 

E€ 

. £6 

I 

£6 

£7 

£€. 

£6 

£7 



Pirsc aa 
Posicion 

X07 

59 

89 

33 
125 
143 

7 

93 
37 



51 
145 
75 
69 
52 

ao 

42 
€8 

97 

79 

84 

B9 
14€ 
58 
38 
€7 
€0 



Sequence * 

LIRXIUXQK 
IVYROGNpy 
IVAPIASOK 
IILEAVYAK 
HLOJCKORFH 
AMSAARS5R 
AMFODPOER 
TO.ECX?YNK 
AVYAKQOLL 
HYMIVTFAA 
SAARSSRTR 
KFTSKISEY 
SLYCriTLEO 
TNIVrrAAK 
XSEYRHYAY 
OOXXRREvy 
AVAOKALKF 
OOYNKPLAD 
KISEYRHYA 
IWfAYSLYG 
VADKALKFY 
AARSSRTRR 
AAKAOSTLR 
VYAKQOLLR 
YAVADKALK 
KADSTXRLA 



Binding Ratio 
to Standard: 

3-7000 
3.0000 
2.2000 
X.SOOO 
0.4400 
0.1800 
0.1000 
0.0780 
0-0320 
0.0210 
0.0200 
0.0100 
0.0060 
0.0067 
0.0064 
0.0056 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



H3tif 
Prediction 



yielded racao''v:JJe^%J«-„vMue of .o.oox'^ Tli o^i^i^^;^^ ca^le 
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10 



15 



20 



25 



30 



E7 

U€ 
B€ 

££ 
E€ 
E6 
E7 
E$ 



EC 

E6 

Z€ 

E7 

E6 

£( 

E6 

Efi 

E7 

E7 



89 
7 
59 
«0 
37 
145 
107 
58 
42 

143 

79 

67 

52 

68 

69 

38 
140 
90 
51 



IILEAVYAK 
TTLEOOrNK 
IVAPIASOK 
AMFOOPOER 
IVYROCNPY 
ISBYRHYAY 
AVYAKOOLL 
SAARSSRTR 
LIRAINAQK 
AAKAOSTLR 
OOLLRREVY 

AMSAARSSR 
KISEYRHYA 
YAVAOKAUC 
WIVTFAAK 
AVAOKALKF 
VADKALKFY 
VTAKOOLLR 
TXSRAMSAAA 
VAPIASOKP 
HWmTAA 



6.7000 
1.8000 
1.3000 
0.8400 
0.4700 
0.4300 
0.0450 
0.0330 
0,0120 
0.0110 
0.0084 

0.0084 
0.0076 
0.0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 



- <♦)« 



♦/- 



experi«encs co^SidereS chls^L?""'*'''** of the 

S3—— -"""'^ °- -'S: 

r-clcets xndxcace score according co adjusted motif. 
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Table 20(D) 
HPVI6 E6 and E7 Pcpiidcs Binding to HLA-A24 



Orgin 



Pirsc aa 
Posicion 



ze 

B7 
£€ 
B6 
E6 

B€ 

E6 

£6 

£e 

£€ 



87 
72 

13X 
49 

49 

82 

26 

6£ 

1 

85 
44 
36 




ArSLYCTTL 
KXLKFYSKI 
RrHKIRCRM 
RAHYNIVTF 
VYDFAFRDL 
EYRHYAYSL 
I-OTTIHDII 
PYAVAOKJIL 
MHOKRTAMF 
HYAYSLrCT 



0.1200 
O.IlOO 
0.1000 
0,0«70 
0.0610 
0.0460 
0.0200 
0,0055 
0.0049 
0.0037 
0,0023 
O.OOll 
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Vim 



Strata! 



M«ttf 



At 



AU I All 



A2I 



I 10 

) IP f 



NtV 



nx 



t icp j Xll 



MOP t 
UtOM i 



t JW3 t 



I to I 



fvcn.TVMPc 



10.1 H9V 



I Xl l 



rvcruvNiK 



r 



^ f 



i Xll 



LTVNonuqjc 



10 I 

ioT 



I Xll 



I xm I Xll 



IlNV I JM I Xll 



roc 



Tcr I Xll 



'-'•-'■'•liM 
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PCT/US93/0742i 
CHEL- 415 -543 5043:r25/: 




wo 94/03205 



117 



PCr/US93/07421 



Pept:lde ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 

Peptides Synthesized 
by Cytel For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 
HBs 
HBc 
HBp 
KAGE 1 
PSA 
HBc 
PAP 
PSA 
PSA 



Sequence 
FLLTRILTI 
FLPSDFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLWDPIPV 
KLQCVDLVHI 
HLLRLSEPAEL 



20 Table 25 b 

Cell Population 

JY acid stripped 
25 JY acid stripped 
JY control 
JY control 



"^I-Labeled 
Peptide +/- cold 
Peptide 

- cold peptide 
+ cold peptide 
•cold peptide 
+ cold peptide 



CPMS 
std. dev, 

3553 ± 157 
13 

370 ± 37 
50 



n 



3 
1 
3 
1 
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WHAT TS CTATMBn Jf^; 
1. 



A composition comprising an immunogenic peptide 
having a HrA-A3.2 binding motif, vhich immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the H-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, H, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, H and F- 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 
N-termlnus. 

3. A composition comprising an immunogenic peptide 
havxng a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-teralnus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
a third conserved residue of Y; 

Wherein the first and second conserved residues are 
adjacent and the second and third conserved residues Te 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue Is at the second position from thT 

n-tenninuB . 

5. A composition comprising an Immunogenic peptide 
^vxng a «^-Al binding motif, which 1-unogenlc pept Je ^ 
between about 9 and about lo residues and the foUowing 
resxdues, from the N-ter»inus to the C-terminus: 

^ a first conserved residue of T, s and M; and 
a second conserved residue of y- 



10 
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Wherein the first wid second conserved residues are 
separated toy 6 to 7 residues. 

6. The composition of claim 5, vherein the first 
co™,erved residue is at the second position from the 
N-terminus and the second conserved residue is «t the ninth or 
tenth position from the H-terminus. 

7, A composition comprising an immunogenic n-«HH 
having an Hr.-M binding motif, which l^unogeni^TeptiT,!; 
between 9 and about 10 residues and the following residues 
from the M-terminus to the C-terminus. ««iaues, 

a first conserved residue of d, E A «i 

"t A, 5 and T; euid 
a second conserved residue of y; 

wherein the first and second coi^erved residues 
separated by 5 to 6 residues. residues are 

«. The composition of claim 5 wheT-«i» «.u 

and the second conserved residue is at terminus 
position fro. the H-termi„us. " 

9. A composition comprising an immunogenic b*.«*.<h 

the Mterminus to the C-terminus: ^laues, from 

a first conserved residue of l m t w , 
C, F, D, E; and ' ' ^' ^' 

a second conserved residue of K R h- 
Wherein the first and second conse^ed re«4^., 
separated by 6 to 7 residues. . residues are 

10. The composition of claim 9 wh«r»i« *w 
conserved residue is at i-ho . "herein the first 

H.te».i™.« ^rom the 



H*- terminus , 
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has between about 9 and about residues and the following 
residues, from the N-terminus to the C-tenninus: 

a first conserved residue of >, w; and 
a second conserved residue of f, I, l, W, m- 
Wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



12. 



The coBqxjsition of claim n, wherein the first 
conserved residue is at the second position from the 
10 N-terainus. 



13. A composition comprising an immunogenic peptide 
having an HLA-.A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: F«ptiae 

' _ * ^^""^ conserved residue at the second position 
selected from the group consisting of A, i, i,, „, r. and V 
and a second conserved residue at the c terminal postion ' 
selected from the group consisting of K and R. 

an . ^i^^^in the first and second conserved residues are 

20 separated by 6 to 7 residues. residues are 

14. A composition comprising an immunogenic neotld. 
having an HLA-All binding motif, which i«uaunogenic " ti^^^ 
S or 10 residues and the following residues, Z::^" 
" H-teraxnus to the Ctenainus: 

M» T and V; and a, i, l, 

a second conserved residue at the c ♦•o^-*- , 
0 selected fr-^ *.u teraxnal position 

BBiected from the group consisting of K- 

IS. A pharmaceutical composition coaprisino « 
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a first conserved residue selected from the gro 
consisting of L, M, I, V, s. A, T, F, C, G, D and E; and 
a second conserved residue of K, R and Y; 
wherein the first and second conserved residues 
5 separated by 6 to 7 residues. 



) 



16. A pharmaceutical composition comprising a 
pharaaceutically acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
separated by i residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptid! has 
between about 9 and about 10 residues and the following 
residues, from the H-terminus to the C-terminus: 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr; 

Wherein the first and second cons^ed residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-Al binding motif, which peptide hasltwee^ ^ut 
9 and about lo residues and the following residues, f:^ T 

terminus to the c-terminus: 

a first conserved residue of D, E, s, t; and 
^ a second conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 5 to 6 residues. esidues are 
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19. 



A pharmaceutical canpositlon comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-A24.1 binding motif, which peptide has 
a first conserved residue of y, f, W; and 
a second conserved residue of P, i, l, W, or m- 
Wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

20. A method of Identifying an immunogenic peptide 
comprising the following steps: i^ptxae 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence o'f an antigenic 
protein for the presence of the binding motif 

the bindi^gtotAT ' -ntigeni'c protein having 

^H P"***^^' • peptide of about 8 and about ii 

residues comprising the selected subsequences- 

determining the ability of the test peptide to bind 
to the preselected MHC allele and induce a C1^ resins^ 
thereby identifying immunogenic peptides "«P»»»«^' 
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HLA-A PURIFIGATION AND 
PEPTIDE ELUTION 



(S-iOxio* cell •quivaients) 



I 



Detergent Lyeli 
(icr cells/ml) 

i 

Datargent Lysate 

i 

Affinity Chromatography 

i 

Purified HU-A Antigen 

I 

Acid Treatment 

i 

Peptides 
Sequence/Motif 



a) EBV transfonnad e call 

0 P815 tranafactants 
(mouse mastocytoma) 



Centtrifugatlon at i5.0OOxg. 



Anticipated yields 450-000 



Ml 



10% acetic acid, 5 min. ioo«c 



YM3 filtration. 3IcD cutoff 



D. Hunt . HPLC/El-TMS 
Cytt" • HPLC/ABI 4m 



rigur« 1 
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Figure 2 
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Tltfi of UtA2 vt AiJZ 

100-1 . 
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figure 6 



WOM/032a5 
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Titer of 940.06 




^ inhlbHor 
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BOUND 
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peptide 



figure 10 
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Figure 12 
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UU peptide 



\ 



Figure 13 
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Figure 14A 



c 

3 
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bound 



o 




bound 
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Figure 15 



MEG CTRL 





AMTH>R 
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Figure 16 
CTL INDUCTION 
777.03 + 924.07 ♦ 827.32 POOL 



a: 

lit 




20 



40 60 
E: T ratio 



Acid Strip PBMC* peptide 
A«!WSJrtpPBMC.p«pUde 



BO 100 



Strip PHABl„t«*popUd. 
AeJd Strip PHABIwu.pepUd. 
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Figure 18 



CTL INDUCTION 



s 




AeWSlrtpPHABtesl.*peptlde 



AcWSWpP„ABIa«,.p.pU^ 
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% Specific Cytotoxicity 

o ^ ^ s § g 
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Figure 20 



Cytotoxic Activity of an HLA-Al-Restricted CTL Line 
Specific for a MAGE3 Peptide (1044.07) 



100 



^ 80 



O 
X 

o 
p 



ex 

CO 



60 



a 40- 



20- 





Effecior/Target 



Steinlin - Pep 
Sleinltn 1044.01 
Steinlin 1044.07 



niel8M(MAGE-3-) 
nwl397(MAGE-3+) 
mel938(MACE-3+) 
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Induction Using Different Methods 
to Load Peptides onto SAG-I Cells, 




3-' I f€«l 





0»w OC144 
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rigun 22 

Peptide Sereenino: 
MAGE/A11 




E:T Ratio 




E:T Ratio 
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Peptide Screening: 
HIV/A3 




nopaptda 

toea42 

IOSft43 



E;T Ratio 



100 •! 

Donor X287 
HIV/A3 

Pool a 

904 



60- 




E:T Ratio 
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Figure 24 



cn 



Peptide Screening: 
HCV/A3 



100 



80< 



00^ 



40« 



20- 



Donor GC2 
HCV/A3 
Pool 1 
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Figure 25 



Peptide Screening: 
HBV/A3 



100' 



80^ 



Oonor GC220 
HBV/Aa 
Pool 1 



40- 




1068.15 



3:1 



— I— 
i6:i 



EHM«K562 



f~ 

30:1 



— J — 
00:1 



E:T Ratio 
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